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THE CHOLESTEROL OF HYALINE ARTERIOLOSCLEROSIS * 
Rocer D. Baker, M.D., and Ex1 Setrxorr, M.S. 
(From the Department of Pathology, Medical College of Alabama, Birmingham 5, Ala.) 

The more frequent occurrence of hyaline changes in the arterioles 
of the kidney in hypertensive persons than in those without hyperten- 
sion has been generally accepted. The studies reported in this paper 
were inaugurated for the purpose of determining the nature of the 
hyaline material by histochemical means, and its relationships to 
atheromatosis of larger arteries and to hypertension. 

Histochemical study of the hyaline material of renal arteriolosclero- 
sis discloses both lipid and non-lipid content.’ The lipid part absorbs 
sudanophilic dyes readily, such as Sudan IV.? The Schultz reaction 
for sterols gives the characteristic greenish reaction, indicating a cho- 
lesterol content of the hyaline regions of renal arteriolosclerosis.* 

We have applied the Schultz modification of the Liebermann- 
Burchard test for cholesterol to the kidney in 47 cases of hyaline 
arteriolosclerosis and in 20 control cases. The test has been applied 
also in correlative histochemical studies to extrarenal arterioles, to 
arteries, and to other tissues of the body. 


MATERIALS AND METHODS 


The method of Schultz for cholesterol, based on the Liebermann- 
Burchard reaction, was applied as follows.* Frozen sections of form- 
alin-fixed tissue, cut at approximately 15 uw, were placed in a mordant 
of 2.5 per cent aqueous solution of ferric alum for 3 days at room 
temperature. A section was rinsed in distilled water and blotted dry 
on a slide. It was then treated with the Schultz reagent, which con- 
sisted of equal parts of concentrated sulfuric acid and glacial acetic 
acid. The reagent was applied to the section by a glass rod, a coverslip 
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was added, and microscopic study was made. The green color of a 
positive reaction appeared in a minute or so and lasted about an hour. 
The formation of air bubbles could be controlled somewhat by careful 
blotting of the tissue and by use of H.SO, of at least 98 per cent 
purity. The strong acid altered the tissues but structures could be 
recognized by cutting down the light. No counterstain was applied. 
Since preparations were not permanent, photographs were taken for 
record. 

Forty-seven cases with hyaline arterioles, and 20 control cases were 
tested with the Schultz reagent. 

Selection of cases of renal arteriolosclerosis was made by examina- 
tion of a single, routine, hematoxylin and eosin stained, paraffin section 
from each of many necropsies until 47 cases were located which ex- 
hibited hyaline arterioles. These were found in persons between 20 and 
80 years of age. Accordingly, control cases devoid of hyaline arterioles 
in routine sections were selected from the same age period. Selection 
was made by an examiner unaware of other features of the case. 

Correlative studies were made of many other organs and tissues. 


RESULTS 


Of the 47 cases with hyaline arterioles in paraffin sections, Schultz- 
positive arterioles were identified in 43. Sudanophilic arterioles were 
demonstrated in 46 cases. 

Of the 20 control cases with no hyaline arterioles in a routine hema- 
toxylin and eosin section, Schultz-positive arterioles were demonstrated 
in 2, Schultz-negative arterioles in 14, while arterioles were not identi- 
fied in similar preparations in 4. Sudanophilic arterioles were demon- 
strated in 4 of the 20 cases. 

Correlative studies on one of the cases of arteriolosclerosis showed 
hyaline arterioles to be Schultz-positive in spleen, pancreas, liver, 
adrenal glands, and striated muscle. These arterioles were sudanophilic 
also. No hyaline arterioles were found in cardiac muscle, testes, skin, 
brain, and adipose tissue, and the Schultz test and Sudan staining also 
were negative in these arterioles. 

The atheromas of arteries were consistently Schultz-positive (Fig. 
6). These were demonstrated in aorta, common carotid, cerebral, 
splenic, and coronary arteries. The atheromas were sudanophilic but 
not hyaline. 

Other tissues showed Schultz-positive lipid material in the adrenal 
cortex, in myelin of the nervous system, and in several other sites. 

Concerning the relationship of hyaline arteriolosclerosis of the kid- 
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ney to hypertension, additional information was gathered. In 46 of 
the 47 cases the heart weighed more than 300 gm. In 16 of the 20 
control cases the heart weighed more than 300 gm. The average of the 
47 hearts was 497 gm., and of the 20 control hearts, 381 gm. Thus 
there was a tendency toward a greater degree of cardiac hypertrophy 
in the cases with hyaline arterioles in the kidney. 

While hypertrophy of the heart in the absence of valvular disease is 
not considered by all to be an index of hypertension, many would agree 
that this increased weight of heart was suggestive evidence that hyper- 
tension had been present. It was impossible in many cases to say 
whether or not hypertension had been present during life, since many 


Taste I 
Age of Cases Selected for Study of Cholesterol in Arterioles 
Decade 47 cases 20 controls | 47 cases 20 controls 
Third 2 Sixth 6 
Fourth 6 Seventh 14 4 
Fifth 10 Eighth 9 6 


patients were in circulatory failure and had not been in the hospital long. 
However, 34 of the 47, or 72 per cent, had shown diastolic pressures 
over 100, while only 2 of the 20 controls, or 10 per cent, had shown 
diastolic pressures over 100. These data suggest a relationship between 
renal hyaline arteriosclerosis and hypertension. 

Hyaline arteriolosclerosis did not appear to be merely a function of 
age. It occurred in the third and fourth decades and yet failed, at 
times, to occur in the eighth decade among the controls (Table I). 


DIscussION 
The Specificity of the Schultz Test 


While Schultz* described his method for cholesterol in tissues in 
1924, it has not been as widely used as it deserves. Knouff, Brown, 
and Schneider,* in 1941, used one adrenal gland of a guinea-pig for 
histochemical and the other for chemical examination and concluded 
that the Schultz histochemical test appeared adequate for distinguish- 
ing wide variations in the cholesterol content of the adrenal gland. It 
is usually stated that color reactions of this type are characteristic of 
steroids which possess some degree of unsaturation. Everett’ wrote 
(1947): “The substances which give the characteristic color response 
in the Schultz test are evidently limited to the diols such as are formed 
from cholesterol by mild oxidation procedures.” Cholesterol is the 
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characteristic sterol of higher animals and occurs in largest amounts in 
brain, adrenal glands, and egg yolk. 

In our correlative histochemical studies with the Schultz reaction 
we found adrenal cortex and myelin of the central nervous system to 
give vivid color response. This corresponds with the chemical results. 
Most cells of the body, however, did not give a positive Schultz reac- 
tion, even though it is generally stated that all cells have cholesterol 
in them. This may indicate that the general statement is untrue, or 
that the test is not sensitive to minute amounts, or that the cholesterol 
is bound to other substances so as to prevent a positive test. 

Among pathologic lesions, xanthomas, atheromas of larger arteries, 
and macrophages of cerebral infarcts gave positive Schultz staining 
and were sudanophilic also. Extrarenal hyaline arterioles, encountered 
in generalized arteriolosclerosis, were usually Schultz-positive and 
seis Sudanophilia and Cholesterol Test 

The absorption of Sudan IV by fatty substances indicates only fatty 
or oily nature. As might be expected, therefore, several tissues were 
sudanophilic, but not Schultz-positive. This was true of adipose tissue, 
sebaceous glands, the lipid of fatty change of liver, lipochrome of heart 
muscle and of ganglion cells. Substances which were Schultz-positive 
were usually sudanophilic. This was true of adrenal cortex, atheromas, 
and hyaline arterioles. Myelin of the central nervous system, however, 
gave a strongly positive cholesterol test, but was not sudanophilic. 
With respect to the cholesterol of hyaline arterioles, sudanophilia ap- 
pears to run closely parallel to the positive cholesterol test, and it is 
probable that generalizations concerning sudanophilia of the arterioles 
would likewise apply to a positive cholesterol test on them. 

Wilens and Elster? (February, 1950) concluded that sudanophilic 
lipid deposition in the walls of renal arterioles occurs as commonly as 
it does in the intima of large arteries, and that its incidence is signifi- 
cantly increased in hypertension and in diabetes. Our studies add the 
information that the lipid substance of the hyaline arterioles gives a 
positive Schultz test for cholesterol, as do the atheromas of larger 
arteries. In a publication of May, 1950, Baker and Kent? presented 
evidence that the hyalin of arteriolosclerosis may have components 
other than lipid and other than cholesterol. 


The Significance of the Cholesterol Deposits in Arterioles 


Cholesterol deposits in arterioles may have the same significance as 
such deposits in larger arteries. It is possible that the lipid is imbibed 


CHOLESTEROL OF HYALINE ARTERIOLOSCLEROSIS 577 


from the blood stream directly and that the increased incidence in 
hypertension and diabetes represents a driving of blood lipid into the 
wall. Such a mechanism would be even more reasonable if applied to 
the arterioles than if applied to the arteries because the thin arteriolar 
wall is in closer contact with the blood. On the other hand, it has not 
been shown clearly, as yet, that lipid change in vessel walls may not 
be due to local changes of a degenerative or regressive nature, perhaps 
like the fatty change of liver or heart muscle. 

The change in the arterioles is like that of the arteries in that the 
lipids are apparently chiefly cholesterol or cholesterol esters in the two 
regions. In the arteriolar lipidosis, however, there is no tendency for 
the cholesterol to occur in crystals or in macrophages. Nor is there any 
apparent tendency for calcium to be deposited in conjunction with the 
lipid. This may be merely a matter of the smaller amount of material 
in the arteriolar wall, and the crystals and lipophages in the larger 
masses of atheromas may be secondarily derived from imbibed choles- 
terol. In one other respect there is dissimilarity, for the lipid-contain- 
ing arteriole stains regularly like hyalin in hematoxylin and eosin 
sections while the atheromas do not exhibit this feature impressively. 

Perhaps the bulk of evidence suggests that arteriolar lipidosis is the 
result of hypertension. Can we say definitely, however, that arteriolar 
lipidosis, by producing stenosis of arterioles, may not be a cause of 
hypertension? 


Relation of Age, Sex, and Hypertension to Cholesterol 
Deposits in Arterioles 


It is probable that the same conclusions can be drawn with respect 
to cholesterol staining as to sudanophilia of these arterioles. Wilens 
and Elster,” in a thorough study of the factors governing sudanophilia 
of arterioles, concluded that sudanophilia is relatively infrequent and 
slight in the very young and increases in incidence slowly but progres- 
sively with advancing age in non-hypertensive persons; that it is some- 
what more common in hypertensive or diabetic women than in similar 
groups of men; and that there is no difference in sex incidence of renal 
arteriolar lipidosis in non-hypertensive persons or in whites and 
Negroes. 

Further, these authors? found that the incidence of renal arteriolar 
lipidosis is significantly increased in all forms of hypertension except 
that associated with chronic glomerulonephritis; that it is significantly 
increased in diabetes; that it is not increased in renal diseases that are 
not associated with hypertension. They found, also, that the incidence 
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and severity of renal arteriolar lipidosis is increased in the presence of 
arteriolar sclerosis, although scanty lipid deposits are frequently found 
in arterioles that are otherwise unaltered. 


SUMMARY AND CONCLUSIONS 


Hyaline arterioles of the kidney were found to contain, in 43 of 47 
cases, a lipid material which, on the basis of the Schultz modification 
of the Liebermann-Burchard test, was cholesterol. 

Control studies on 20 cases indicated that in the absence of hyaline 
arterioles, in a single routine section of kidney from the necropsy, lipid 
in general and cholesterol in particular were less frequently demon- 
strated in the arteriolar walls. 

Correlative studies showed the cholesterol test to be positive for 
hyaline arterioles of other organs, for atheromas of larger arteries, and 
for adrenal cortex and myelin. Adipose tissue and lipochrome failed 
to give a positive cholesterol test, although they were sudanophilic. 
Conversely, myelin gave a positive cholesterol test, though it was not 
sudanophilic. The positive cholesterol test in hyaline arterioles corre- 
lated well with the sudanophilia of these arterioles. 

Since the hyalin of renal arteriolosclerosis contains cholesterol, like 
atheromas of larger arteries, a similarity of arteriolosclerosis to athero- 
matosis is indicated. 

The hyaline arteriolosclerosis in hypertensive persons is accompa- 
nied by cholesterol deposition, on the basis of the Schultz test, more 
frequently than in non-hypertensive persons. 
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DESCRIPTION OF PLATE 


PLATE 81 


1. Hyaline arteriolosclerosis of kidney. Paraffin section. Hematoxylin and eosin 
stain. The hyaline, eosin-staining regions give a positive Schultz? test for 
cholesterol in appropriately treated frozen sections, more frequently in hyper- 
tensive than in non-hypertensive persons. X 103. 


. 2. Hyaline arteriolosclerosis of kidney. Frozen section. Sudan IV and hema- 


toxylin stains. The sudanophilia indicates the fatty nature of the hyaline region, 
but is less specific chemically than the Schultz test. X 227. 


3. Hyaline arteriolosclerosis of kidney. Frozen section. Schultz modification of 
the Liebermann-Burchard reaction for cholesterol. No counterstain. The green 
positive reaction indicates cholesterol in the arteriolar wall, on the basis of this 
reaction. X 94. 


4. Hyaline arteriolosclerosis of spleen. Frozen section. Schultz modification 


of the Liebermann-Burchard reaction for cholesterol. No counterstain. X 94. 


5. Hyaline arteriolosclerosis of pancreas. Frozen section. Schultz modification 
of the Liebermann-Burchard reaction for cholesterol. No counterstain. X 97. 


6. Arteriosclerosis of aorta. Frozen section. Schultz modification of the Lieb- 
ermann-Burchard reaction for cholesterol. No counterstain. The cholesterol 
test is positive in atheromata of arteries as well as in the hyaline regions of the 
arterioles. Chemical tests have shown the high cholesterol and cholesterol-ester 
content of atheromata of arteries. Presumably, chemical tests would show the 
same for arterioles, on the basis of the histochemical studies reported herewith. 
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THE HISTOPATHOLOGY OF COXSACKIE VIRUS INFECTION IN MICE 


II. HistoCHEMICAL OBSERVATIONS ON THE LESIONS IN 
MUSCLE AND Fat* 


Gasriet C. Gopman, M.D.,7 Henry Buntinc, M.D., and JosepH L. Metnicx, M.D. 


(From the Department of Pathology and the Section of Preventive Medicine, Yale 
University School of Medicine, New Haven, Conn.) 


Following injection of newborn mice with certain antigenic types 
of Coxsackie virus (viz., Connecticut-5), lesions regularly occur in the 
striated muscle, fat bodies, central nervous system, myocardium, pan- 
creas, and liver. The morphologic features of these lesions have been 
detailed in a previous communication’ and their relation to virus 
growth and distribution, with particular reference to the striated 
muscle, has been studied.? The observations presented in this paper 
were undertaken to explain certain of the structural or tinctorial ap- 
pearances which have been described for the lesions in striated muscle 
and adipose tissue, or to demonstrate some of the chemical properties 
of the infected muscle or fat bodies, using available histochemical 
technics. 

MATERIALS AND METHODS 

Groups of mice were inoculated on the first day of life with Conn.-5, 
Ohio-1, Texas-1, or Nancy strains of Coxsackie virus, according to the 
methods previously given.” Each of these strains represents a dis- 
tinct antigenic prototype.* Tissues were collected on the first day of 
paralysis, and subsequently as they became available on the second, 
third, fifth, and seventh days of survival, after the first signs of disease. 
These were prepared as will be described for investigation of basic dye 
affinity, mineral content, nucleic acids, lipids, birefringence, phospha- 
tase, and vital staining. 

Birefringence was studied in frozen sections of unfixed and forma- 
lin-fixed material, unstained or stained with Sudan black. 

Ferric iron was determined by the Prussian blue method (as recom- 
mended by Lison), with a prolonged exposure.* Ferrous iron was 
detected by 20 per cent potassium ferricyanide and 1 per cent hydro- 
chloric acid without pre-treatment by ammonium sulfide. Ten per cent 
formalin buffered at pH 7 was the fixative used for determination of 
minerals (iron, calcium, phosphate).° The presence of inorganic cal- 

* Aided by grants from the National Cancer Institute of the United States Public Health 
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cium was determined by the formation of gypsum crystals from the 
locus in question upon the addition of dilute sulfuric acid (5 per cent).® 
Gallamine blue forms blue or purple lakes with iron and with cal- 
cium.’ It has been employed in these studies simply to detect the 
presence of mineralized foci. 

The presence of carbonate was sought by the evolution of gas from 
the particular focus in question upon the addition of dilute (5 per cent) 
sulfuric acid. 

Inorganic phosphate was detected by the molybdenum blue method,*® 
slightly modified from Feigl® and Serra and Queiroz-Lopes.”° 

Basophilia was determined by staining for 1 to 2 hours with aqueous 
methylene blue 10* M buffered at pH 7.6, 6.6, and 5.7. The slides 
were washed briefly in water and air dried before being cleared in 
xylol. Formalin was the fixative employed. 

Trypan blue was used to detect necrotic cells by its well known 
ability to stain the cytoplasm and nuclei of such cells diffusely. An 
aqueous solution (0.05 cc. of a 2 per cent solution per 1 gm. of body 
weight) was injected subcutaneously into the mice which were sacri- 
ficed 4 to 6 hours later. The organs were fixed in Helly’s fluid for 4 to 
18 hours and thin sections (1 to 2 mm. thick) run up rapidly accord- 
ing to the method of Forkner.”’ The sections were lightly counter- 
stained with paracarmine. 

The Feulgen reaction for desoxyribonucleic acid was carried out by 
exposing sections to Schiff’s reagent (fuchsin sulfurous acid) after 
hydrolysis in normal hydrochloric acid at 60° C. for intervals of from 
10 to 60 minutes. Control sections were treated similarly except that 
water was substituted for hydrochloric acid. Details of the method 
may be found in Lison’* and Stowell.?* Formalin was used as the fixa- 
tive. 

Ribonucleic acid was determined by subjecting the sections from 
formalin-fixed tissue to the action of ribonuclease (Armour). This was 
prepared according to the method of Kunitz, and with the proteolytic 
activity destroyed, as shown by McDonald.’* The enzyme was made 
up to a concentration of 6 mg. per 20 ml. of distilled water. The pH 
of such solutions was approximately 6.0 to 6.8. The test section and 
another which had been simply incubated in water at the same tem- 
perature and time (57 to 59° C. for 2 hours) were then stained pro- 
gressively with methylene blue 10% M buffered at pH 7.6. The regions 
of basophilia that had been removed by the enzyme were considered 
to be sites of ribonucleic acid. 

Lipids were determined by several methods. Sudan IV and Sudan 
black in glycol*® were used to stain frozen sections prepared from tis- 
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sue fixed in 10 per cent formalin buffered at pH 7. The presence of 
crystalline lipids was determined by use of the polarizing microscope 
before and after extraction of the frozen sections with cold acetone for 
30 minutes. 

Phosphatase activity was determined by the Gomori technics*® with 
the precautions established by Goetsch and Reynolds*’ for acid phos- 
phatase. 

Murine Coxsackie virus disease, brought about by the strains of 
virus used in the present investigation, is characterized by a necrotiz- 
ing myopathy in which there is more or less widespread segmental 
injury of the muscle fibers, resembling Zenker’s degeneration. In the 
degradation of the affected muscle segments, successive stages are 
recognized as leading to ultimate hyalinization. The most important 
of these are a proliferation of muscle nuclei, which ultimately disinte- 
grate, and an alteration of the myofibrils. These come to appear as 
coarse dark (“basophilic”) longitudinal striae, prior to their ultimate 
disappearance. Regeneration begins even before inflammatory reac- 
tion, and becomes increasingly prominent through the ingrowth of 
slender sarcoblastic slips as phagocytic debridement takes place. These 
new plasmodial elements have central rows of nuclei with rod-like 
nucleoli and basophilic cytoplasm, and differentiate into young mature 
muscle fibers in the course of 7 to 10 days, leading to restoration of the 
muscle in surviving specimens. 


Degeneration 


Birefringence. Observations were made of birefringence on (1) ap- 
parently normal striated fibers, (2) affected segments with early changes 
which still showed coarse longitudinal striae, (3) segments with more 
advanced changes, but in which some longitudinal striation was still 
evident, and (4) completely homogeneous hyalinized segments. The 
results of these observations are summarized in Table I, in which the 
degree of birefringence as judged by direct visual observation is ex- 

Taste I 


Degree of Birefringence at Various Stages of Degeneration as Compared to 
Normal Muscle Fibers 


30* ++ to++++ 6 ++ 16 + to++ 
20 oto+ 25 oto+ 25 ° 
50 41 41 


* The numerals give the number of segments evaluated. 
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pressed from 1 plus, indicating least, to 4 plus, greatest. In each case, 
control observations on normal fibers disclosed the usual bright, doubly 
refractile A disks, compared with which the birefringence of the early 
degenerated segments was more marked. The birefringence of the un- 
involved fibers used as a control was estimated at 2 or 3 plus. 

The birefringence was manifested as a diffuse glow (Fig. 4), or in 
the form of bright longitudinal bands, often at the periphery, and ap- 
parently corresponding with the longitudinal striae in most cases. The 
sign of the birefringence was positive, as determined using the first 
order red plate, indicating a submicroscopic fibrillar structure, accord- 
ing to the theory of Wiener.** No cross striations were visualized with 
the polarizing microscope in such altered segments, nor could cross 
striations be identified in similarly altered segments in sections stained 
with Mallory’s phosphotungstic acid hematoxylin. The results tend to 
show that birefringence, which depends upon a definite orientation of 
submicroscopic elements, becomes accentuated and then uniform along 
the fiber length with the onset of degenerative changes. This quality 
is gradually lost as all visible structure disappears from the segment. 
From this it may be inferred that hyalinization involves a disorgani- | 
zation of submicroscopic fibrillar structure. 

The positive double refraction of striated muscle is assumed to be 
due to oriented myosin filaments. It is known that the myosin-con- 
taining myofibrils extend continuously through the sarcomere.’® It has 
been postulated by Dempsey, Wislocki, and Singer*® that the differ- 
ence in optical behavior of the anisotropic and isotropic segments re- 
sides in the presence of negatively birefringent phospholipid in isotropic 
segments, owing to the perpendicular orientation of these lipid mole- 
cules with respect to the positively birefringent myosin filaments. 

Weber,’ however, explained the lack of birefringence in the I disk 
by supposing that in this segment the parallel-fibered micelles consist 
of the strongly negatively birefringent “N-protein,” the positive bire- 
fringence being compensated by its own negative birefringence. The 
studies reported by Matoltsy** support the view that the optical prop- 
erties of the isotropic segment are due to “N-protein.” 

Basophilia. The described affinity of many of the degenerating 
muscle segments for hematoxylin and for certain basic dyes led to an 
examination of the actual degree of basophilia of the various altered 
muscle segments as determined under controlled conditions. In sec- 
tions stained with methylene blue, as indicated in Methods, there were 
evident differences in tinctorial affinity between the degenerating seg- 
ments and the still normal striated fibers. In many instances the 
longitudinal striae of the early stages of degeneration were found to be 
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strongly stained. The more structurally homogeneous segments of the 
intermediate stage had a marked affinity for the basic dye, and were 
more strongly stained than adjacent unaffected fibers. The distribu- 
tion of density of staining within the segment was often not uniform. 
The disintegrated segments of the late stages of necrosis had little at- 
traction for methylene blue or, indeed, for most other stains. The 
persistent residual masses sometimes found in otherwise regenerated 
muscle retained a striking degree of basophilia. 

Nucleic Acid. That the diffuse basophilia of the early degenerating 
segments was not due to either desoxyribose or ribose nucleic acids 
was demonstrated by consistently negative Feulgen reactions, and by 
the unalterability of their staining capacity with methylene blue (as 
compared with controls) after ribonuclease digestion. The Feulgen 
reaction, however, demonstrated the nuclear increase and fragmenta- 
tion in the earliest stages of degeneration. Muscle segments in all 
stages of degradation, as well as residual lesions, were available for 
these tests. 

Phosphate and Phosphatase. Application to sections of the pro- 
cedures for either acid or alkaline phosphatase resulted in heavy me- 
tallic precipitates on many of the degenerated fiber segments. But a 
brown-black coloration was present also in control slides. The densest 
deposits in all cases were present in those segments showing intermedi- 
ate stages of injury: in many of these segments the longitudinal striae 
were colored densely black, against a dark brown background. In 
other instances, the segment was uniformly black or brown. However, 
staining of necrotic segments seemed to be irregular or capricious, since 
many obviously hyalinized segments were only faintly stained. The 
faintly stained masses were those devoid of visible structure, and it 
would appear that the heaviest deposits occurred not only in those 
segments with longitudinal striae but in or on the striae themselves 
(Fig. 2). 

Since precipitate forms in these segments without prior exposure to 
substrate, it was assumed to be due to organically bound ionizable 
phosphates or to other acidic groups by which the heavy metal was 
precipitated and that the actual phosphatase activity could not be 
evaluated. 

Histochemical examination for ionizable phosphate using a modified 
molybdate method revealed intense coloration localized in some but 
not all of the degenerated segments. The distribution of intensely 
phosphate-positive segments was similar to that observed in the phos- 
phatase preparations. Segments in which there were strial remnants ap- 
peared most strongly positive, the striae themselves sometimes stand- 
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ing out as more intensely stained. The apparently homogeneous 
segments were colored irregularly or not at all. In order to avoid pos- 
sible adsorption of phosphate that might diffuse from the neighboring 
developing bone, the muscle was dissected away from bone prior to 
fixation in some instances, and on the slide after sectioning in other 
cases, before the phosphate procedure was carried out (Fig. 5). 

Lipids. In sections of normal fibers stained with Sudan black the I 
disks are dark gray and the A disks relatively unstained. The general 
background of the segments in the intermediate and later phases of 
degeneration was stained irregularly faint gray, indicating a dispersal 
of the sudanophilic lipids. In many segments still possessing visible 
longitudinal striae or myofibrils, fine jet black droplets and globules 
were aligned in rows of varying size between the striae; such appear- 
ances were thought indicative of fatty changes occurring early in the 
period of injury or with less severe injury. 

Trypan Blue, Intravital. The degenerating muscle segments of in- 
travitally stained infected mice were found perfectly demarcated from 
the unstained intact muscle, permitting accurate study of their distri- 
bution, forms, and lengths. The selective scattered distribution of 
lesions within particular muscles was very clearly demonstrated in the 
animals infected with the Conn.-5 strain. The diffuse staining of dead 
or injured cells, including the nuclei, by trypan blue has long been 
known as a technic permitting very precise distinction. The use of 
intravital staining with trypan blue to follow the inflammatory and 
regenerative sequences in injured skeletal muscle has had its most 
elaborate treatment in the studies of Pfuhl.”* In the virus-produced 
murine myopathy, segments showing the earliest or mildest changes 
were found to have slightly stained backgrounds and groups of more 
darkly stained cross striations; a few of the increased number of nuclei 
usually present in such segments were deeply dyed (i.e., dead or dying). 
In older, more severely affected segments, there was darker, more 
homogeneously colored content, and the proliferated distorted nuclei 
were always densely stained. Such appearances have been called “dis- 
sociative degeneration” by Pfuhl, who believed that the fibrils degen- 
erate before the nuclei and sarcoplasm in a slower or milder sequence 
than the contrasting “true” waxy degeneration, in which all elements 
are destroyed simultaneously. In our material, they would appear to 
be different stages leading to the same end. 

Minerals. The pronounced selective hematoxylin staining of the 
longitudinal striae of many segments in an intermediate stage of degra- 
dation suggests mineralization of these foci. Ferric and ferrous iron 
were localized identically on the longitudinal striae (altered myo- 
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fibrils) in degenerating muscle segments. In such segments, the striae 
were delineated by the stains for iron and more precisely by the galla- 
mine blue method,’ while the surrounding sarcoplasm was practically 
uncolored (Fig. 6). These fibers gave irregular and inconclusive re- 
sults for calcium; with alizarin the coloration was only suggestive of 
the formation of calcium lakes, but the more definitive microchemical 
test depending upon gypsum formation was not confirmatory of the 
presence of significant quantities of calcium. 

As early as the first day of apparent disease, heavily and rather uni- 
formly mineralized segments may be found in some specimens. In 
these, deposits of ferrous and ferric iron were detectable; the necrotic 
fibers gave negative results when tested for carbonates. 


Interpretation of Histochemical Changes in Hyaline 
Degeneration of Muscle 


The affinity for basic dyes of the altered striated muscle fibers in 
such conditions as “waxy degeneration,” trichinosis, and other regres- 
sive conditions has been recognized casually.2*?> It has been cited, 
together with evidence from im vitro experiments, in support of the 
theory that lactic acid accumulates in injured muscle, and that this 
lactic acid is, in fact, the common causative agent of hyaline or waxy 
(Zenker’s) degeneration of muscle.*> This concept of the etiologic 
role of lactic acid has not been substantiated in subsequent muscle- 
fatigue experiments.”* In itself, the basophilia of the altered segments 
is hardly credible evidence for the presence of lactic acid or the forma- 
tion of “acid proteins” by it. Hydrogen ions from lactic acid are in 
fact normally bound by some as yet unidentified protein in the physio- 
logic energy-producing transactions of the muscle, in its work-phase.”* 

The nature of the basophilic material of the A disks of normal stri- 
ated muscle is not known. Dempsey e¢ ai.,?° on the basis of its bind- 
ing capacity for methylene blue over a wide pH range, found that its 
dissociation is weaker than that of the phosphate or sulfate groups of 
nucleoproteins or mucoproteins respectively, and suggested that muscle 
fibers contain a different acid grouping. 

The basophilia of the fiber segments with early degeneration studied 
in the present investigation is due neither to nucleoprotein nor to a 
metachromatic substance, but may be correlated with the presence of 
hydrolyzable, ionizable phosphate which is locally bound. The origin 
of the high concentration of phosphate in the degenerated segments, 
and the substances with which this ion are linked must remain subjects 
of speculation. Normal muscle contains large quantities of phosphate, 
chiefly in hexose and triose esters, adenine nucleotides, creatine phos- 
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phate, and phospholipids. Most of this phosphate is not histochemi- 
cally detectable in fixed material because, being of relatively small 
molecular size, these compounds are diffusible and relatively soluble. 
At any rate, normal muscle in the same section is practically uncolored 
by the technic which reveals well marked phosphate-positive necrotic 
segments. The concentration of phosphate on or in the basophilic 
striae derived from the altered myofibrils in the earlier stages of seg- 
mental degeneration of muscle fibers is noteworthy. Such striae are 
the site of simultaneous localization of both bound ionizable phosphate 
and cations. 

It would seem that extensive mineralization follows consequent to 
the earlier accumulation of ionizable phosphate groups in the altered 
myofibrils, which thereby assume an acidic function and accept basic 
dyes. Muscle degradation involves profound changes in distribution 
of minerals. That the mineral deposits should contain so much iron 
(rather than calcium) may perhaps be accounted for by the presence 
of considerable iron in striated muscle in the form of easily freed labile 
iron** as well as in myohemoglobin. The concentration of labile iron 
in muscle is three or four times greater than in the blood.”’ In fact the 
ash of micro-incinerated striated muscle fibers does exhibit the yellow 
color indicative of iron,”* as might be expected from the quantities 
discovered in gross chemical analyses. It may be that iron derived 
from myohemoglobin participates in this dystrophic siderosis. 

It is remarkable that extensive dystrophic mineralization, as ob- 
served in the muscles of many specimens, should occur so soon after 
injury. Schujeninoff*® long ago called attention to the early calcifica- 
tion of muscle wounds. In both experimental animals and postopera- 
tive human material he observed, using the gypsum method, deposition 
of calcium salts in quantity as early as 18 hours after injury. 


Regeneration 


Tinctorial Properties. The general tinctorial and structural charac- 
teristics of the differentiating sarcoblasts have been described. In the 
young proliferating sarcoblasts the peculiar form of the nucleoli 
and the marked cytoplasmic basophilia are especially noteworthy. 
When stained with relatively dilute solutions of methylene blue, the 
cytoplasm appears a rich blue or violet-blue. This basophilia gradu- 
ally diminishes as differentiation proceeds and as myohemoglobin is 
added, and as the nuclear form reverts to the adult type (Fig. 3). 

Nucleic Acids. The Feulgen reaction is not given by any extranu- 
clear component of the regenerating muscle. Pre-treatment of sections 
with solutions of crystalline ribonuclease completely removes the af- 
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finity of the cytoplasm of regenerating muscle for basic dyes, and 
significantly diminishes the staining capacity of the nucleoli with these 
dyes. The presumptive conclusion is that ribonucleic acid or ribonu- 
cleoproteins are responsible for the cytoplasmic basophilia and are 
present in the nucleoli. 

Phosphatase. Using a single substrate (glycerophosphate) at pH 9.0 
only very slight phosphatase activity was detected in the cytoplasm of 
sarcoblasts, the nuclei showing stronger coloration. At pH 4.5, mod- 
erately strong phosphatase activity was found to occur diffusely through- 
out the cytoplasm, which was a uniform brown, and also rather strongly 
in the nuclei of young sarcoblasts. The precipitate was found only 
in the nuclei of matured fibers. Control slides incubated without sub- 
strate failed to develop any coloration. 


Discussion of Regeneration 


From the structural configuration of the nucleus, and the large 
amounts of ribonucleic acid in the cytoplasm, the young sarcoblast 
appears to be a unit organized for intensive cytoplasmic protein syn- 
thesis. It is supposed to be characteristic of such cells to show con- 
spicuously increased nucleolar masses containing ribose nucleotides, 
and high concentrations of ribonucleotides in the cytoplasm.*°*! The 
extraordinary nucleolar form and enlargement in the young sarcoblast 
which has been described (“rhombosome”’) coincide with the period of 
maximal cytoplasmic basophilia. During this time the sarcoblast must 
simultaneously meet the protein requirements of both extremely rapid 
growth and differentiation, with myofibril and sarcolemma formation. 
From the data which have been presented on the rate of growth,’ 
which is great, and the speedy appearance of myofibrils, it is evident 
that regenerating muscle has distinct embryonal characteristics in these 
respects, as reflected in the high concentration of cytoplasmic ribo- 
nucleic acid and in the nucleolar size. Other regenerating tissues are 
known to have similar characteristics.** 

Cytoplasmic basophilia persists for some time after the recession of 
nucleolar size in the maturing fiber. It begins to disappear as the first 
eosinophilic material, probably including myohemoglobin, is formed. 
Such fibers already have cross-striated myofibrils, Z disks, and sarco- 
lemma. The character of the cytoplasmic basophilia with methylene 
blue is worthy of mention, for in the young sarcoblasts it is sometimes 
found to have a slightly violet tint, i.e., there is metachromatic stain- 
ing. This quality of staining as assumed by ribonucleic acids is well 
known.*?*4 

The demonstration of acid phosphatase in the ribonucleotide-rich 
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slips of regenerating muscle is of particular interest. The association 
of increased phosphatase activity with accumulations of cytoplasmic 
ribonucleic acid has been observed in a number of situations (neuronal 
axon regeneration, sites of collagen formation, in osteoblasts, in silk 
glands), which have in common the synthesis of fibrous proteins (Brad- 
field*°). Cytoplasmic phosphatase is generally absent in cells con- 
cerned with the secretion of globular proteins, although high 
concentrations of ribonucleic acid are present. In this connection the 
sarcoblast is intensively engaged in the new formation of the fibrous 
protein myosin, and it is just preceding and during the first appearance 
of the myofibrils that acid phosphatase activity and high concentra- 
tions of ribonucleotide are simultaneously demonstrable in the sarco- 
blastic cytoplasm. Far 

Necrosis of the maturing fetal fat pads is one of the most conspicu- 
ous lesions of suckling mice infected with certain strains of Coxsackie 
virus (viz., Conn.-5, Ohio-1, and Nancy). The acute destructive lesion 
has the peculiarity of being confined chiefly to a peripheral band sur- 
rounding each lobule of the affected fat. In this zone there is smudgy 
necrosis of fat cells which appear opaque, granular, and fused. Min- 
eralization occurs early. Subsequent events include the appearance of 
giant cells and new fibrous tissue, as described for other destructive 
lesions in adipose tissue.®*** 


Tinctorial and Optical Properties 


The freshly necrotic peripheral bands were composed of discrete or 
fused cells containing numerous refractile, angular granules varying in 
size from 2 to 4 w. These surrounded single or multiple, small, central 
vacuoles which enclosed acetone-extractable sudanophilic globules; in 
unstained frozen sections the inner aspect of these vacuoles appeared 
blurred due to the deposition of very fine crystals which lay perpendic- 
ularly to the surface. The larger refractile granules were markedly 
hematoxylinophilic, and with the basic dyes most of the finer granules 
were stained against a more diffuse tinting of the background cyto- 
plasm. These affinities persisted after acetone extraction. Under the 
polarizing microscope there was an indiscriminate and sparse scatter- 
ing of fine birefringent crystals throughout the lobule, without any 
consistent localization; these disappeared when the slide was warmed 
to 37° C., and after acetone extraction. 

By the third day of survival most of the granules in the peripheral 
parts appeared as large, sharp, crystalline blocks, averaging 4 to 6 yp, 
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which were agglomerated into clumips or masses persisting in clusters 
about small fat-containing globules. They remained hematoxylinophilic, 
but basophilia was now seen only in the smaller granules, and faintly in 
the large, anuclear, circumscribed, non-granular masses which appeared 
in abundance in the affected zones at this time. These bodies were 
streaked with sudanophilic material. Sections of lesions at this stage 
of development stained with Nile blue sulfate showed the relatively 
unaffected interiors of the lobules in the rose color presumably charac- 
teristic of unsaturated glycerides, while in the involved peripheral bands 
there were many bodies ranging in tint from mauve or lilac to blue, 
as well as scattered rose-colored globules. After acetone extraction only 
blue-stained bodies and granules remained. 

From the fifth day of survival, the lesion was dominated in most in- 
stances by obvious mineralization in the form of chalky masses. 
Fibrosis also became evident. In those instances in which mineraliza- 
tion was less marked, large, faintly basophilic, anuclear bodies were 
prominent in the granulomatous zones. 

Intravital Trypan Blue. The necrotic peripheral bands of the dis- 
eased fat lobules were precisely designated by their blue coloration 
with trypan blue, while the viable remainder of the lobules was un- 
stained (Fig. 1). The altered fat cells appeared rounded and composed 
of dark blue granules and masses disposed as bridges enclosing two or 
three separate vacuoles. In about one half of the cells, dark stained 
distorted nuclei were still evident. 

Feulgen Reaction. In attempting to identify some of the basophilic 
components in the necrotic areas, the presence of desoxyribonucleic 
acid was sought. The acute lesions of the recently affected fat lobules 
were selectively, diffusely, and prominently colored by the Feulgen 
reaction, the control fat from normal animals remaining unstained ex- 
cept for the nuclei. The Feulgen-positive material in these areas 
usually was found as a diffuse, somewhat faint blush or smudge in the 
degenerated elements or fused cell masses, as sharply stained, small, 
irregular (2 to 3 mw) granules, and in the shrunken and fragmenting 
nuclei (Fig. 7). In the older lesion (3 to 4 days of survival after first 
signs) there was a marked decline of extranuclear Feulgen stainable 
material. It was now confined almost entirely to the large, fused, 
anuclear masses, where it was seen as a faint, diffuse, uneven back- 
ground and scattered, small, intensely stained granules. These anu- 
clear masses persisted to the seventh day after the onset of sickness, 
beset with giant cells and mononuclear cells, still faintly but definitely 
Feulgen positive, and containing Feulgen positive granules (Fig. 8). 
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Minerals 


Early mineralization is one of the most obvious features of the 
steatitis. It may be grossly apparent even on the first or second day 
of signs, and by the fifth day the affected interscapular fat pads are 
usually crumbling chalky masses. The nature and localization of some 
of the inorganic components of these deposits were studied. 

Phosphate. As might be anticipated from the distribution of desoxy- 
ribonucleic acid, a positive reaction for phosphates was obtained in the 
acute lesion corresponding to the areas of necrosis. Ionizable phos- 
phate was found in quantity in both granular and diffuse form in the 
degenerating elements as well as diffusely in some of the interstitial 
tissues, suggesting a freely diffusible phosphate-containing substance. 
The von Kossa and Laidlaw silver stains usually were strongly positive 
in the necrotic zones, presumably owing to the presence of phosphate. 
Some diffused inorganic phosphate was still apparent in fat lesions at 
least 3 days old, together with many phosphate-positive granules. In 
still older lesions (5 to 7 days), however, the phosphate appeared to be 
confined to the granules and masses which were also shown to be cal- 
cified. 

Carbonate. Carbonate, which was not found in the early acute 
lesions, was first detected in lesions at least 3 days old, and persisted 
thereafter in older specimens. When present it was found in consider- 
able amount, always associated with large deposits of calcium. 

Calcium. Small amounts of calcium were discovered in lesions in the 
acute stage. In exceptional cases, mineralization may be marked even 
on the first day, but ordinarily large deposits of calcium salts were 
found on the third day, as granular masses, which became augmented 
in older specimens. Calcium salts were thus the principal mineral sub- 
stance. 

Iron. Ferrous and ferric iron appeared to have the same distribu- 
tion in the affected lobules. Until calcification becomes marked, iron 
is found in very small or trace amounts in the form of small granules 
in the dead or dying fat cells at the extreme periphery of the lobules, 
and only in some sectors. In the older specimens with obvious lime de- 
posits there was more iron, chiefly as granules in the peripheral rim, in 
the same regions as the calcium salts. 


Discussion of the Lesions in Adipose Tissue 


Considerable interest has always attached to the course of events in 
the evolution of destructive inflammatory lesions of adipose tissue, 
because of the long persistence of exudate and reparative activity. In 
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this respect the reaction to injury in fat tissue differs from that of other 
tissues. The reasons for this are not entirely clear, but evidently are 
related to chemical alterations of the neutral fat. Information con- 
cerning the histologic features of these lesions has been derived from 
injection of foreign lipid substances or observation of cases of endog- 
enous fat necrosis. The lipotrophic strains of Coxsackie virus provide 
a new and ready means for the experimental study of the course and 
development of non-traumatic endogenous steatitis. 

Among the anatomical problems which this lesion presents is the 
limitation of necrosis to the periphery of the lobule in the recent or 
acute specimens. The only reason that suggests itself is that this zone 
is farthest removed from the main nutrient vessels, which are mostly 
central. In the most acute lesion observed, the cytoplasm (relatively 
abundant in the embryonal fat) of the necrotic fat cells contains much 
diffuse and granular basophilic material, evidently desoxyribonucleic 
acid derived from nuclear disintegration, and probably its salts. The 
abundant ionizable phosphate must be derived at least in part from 
this nucleic acid. The liberation of desoxyribonucleic acid from nuclei 
in areas of cell death has been described as occurring in a variety of 
circumstances.** Unequivocal evidence for the presence of free fatty 
acid was not obtained, but the minute parallel crystals seen about the 
vacuoles in unstained frozen sections and the basophilic granular and 
amorphous material suggest its formation. The scattered birefringent 
crystals can be designated only as crystalline lipid, not necessarily 
fatty acid. Preparations stained with Nile blue sulfate indicate only a 
profound change in the fat of the affected part, without permitting any 
further chemical deductions. The somewhat basophilic Feulgen-posi- 
tive anuclear masses which have been described, and which are usually 
found beset with giant cells, may represent in part an amorphous semi- 
solid material formed in the presence of unsaturated fatty acids or 
their methyl esters.***° According to Hass,*® such material is the only 
effective stimulus to giant cell formation; it apparently resists solution 
by alcohol and xylol. The acidic substances evidently bind available 
cations from the tissue fluids, leading to the very early deposition of 
minute crystals, chiefly calcium salts, in the perivacuolar cytoplasm. 
It would seem clear that in these lesions cell death precedes and is the 
cause of subsequent chemical changes, including lipolysis. In the 
further course of the lesion, phosphate increases as Feulgen detectable 
nucleic acid declines, and the crystalline mineral deposits increase. Al- 
though microscopic mineralization appears always to occur following 
alterations of the endogenous fat tissue, massive mineralization does 
not necessarily take place. Calcification is apparently not an essential 
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feature of traumatic lipogranuloma.** The occurrence of associated 
iron and calcium deposits has been commented upon by Bunting.® 

The pathogenesis of the granulomatous lesions following fat necrosis 
presents a number of unsolved problems.** Depending largely upon a 
specific histochemical interpretation of the Nile blue sulfate stain, 
Lecéne and Moulonguet** proposed that intracellular saponification is 
the fundamental lesion, even preceding cell death, and evoking a 
chronic foreign body inflammatory reaction. Their reliance upon the 
Nile blue sulfate stain for chemical information has not been justified 
by subsequent knowledge of the non-specificity of this procedure for 
the detection of fatty acids and soaps. The supposition that fatty acids 
and soaps are always responsible for the lipogranulomatous process is 
weakened by the fact that injected unsaponified oils produce a similar 
chronic reaction with fibrosis. 

In virus-produced endogenous fat lesions, cell death, which is the 
primary event, leads to a local deposition of substances (some of which 
rapidly bind cations) which precedes and seemingly provokes the 
granulomatous foreign body reaction. Some of these deposits are most 
probably lime soaps, although the acute suppurative response said to 
be associated with the highly irritating action of soaps and of the 
products of hydrolysis of fat*” was not evident. Most of the calcium is 
probably laid down as phosphate, particularly in the later stages. 


SUMMARY 


Some of the characteristics of the degenerating and regenerating 
striated muscle, and of the lesions of the fat bodies occurring in the 
course of Coxsackie virus disease in infant mice were studied, apply- 
ing histochemical technics. Animals infected with Conn.-5, Ohio-1, 
Texas-1, and Nancy strains of virus, all antigenically distinct, were 
included in the study. 

Segments of muscle in the early stages of degeneration were found 
to show apparently accentuated, positive birefringence, uninterrupted 
by cross striations. Anisotropy was generally lost as hyalinization ad- 
vanced. 

Necrotic muscle segments often showed basophilia, corresponding 
to the sites of deposition of ionizable phosphates. Early mineral de- 
posits, chiefly iron, were found along the altered myofibrils which form 
the longitudinal striae of the early stages of segmental muscle degen- 
eration. Heavy mineralization often was found as early as the first 
signs of overt disease. 

The plasmodial sarcoblasts of the regenerating muscle were found 
to have characteristically large nucleoli and intensely basophilic cyto- 
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plasm, which was the site of concentrations of ribonucleic acid and acid 
phosphatase, prior to and during the first appearance of myofibrils and 
myohemoglobin. 

The necrosis in viral steatitis is confined chiefly to a peripheral band 
surrounding each lobule. The necrotic regions were found to contain 
diffuse Feulgen-positive material derived from nuclear disintegration. 
Giant cells and new fibrous tissue develop as in other destructive lesions 
of adipose tissue. 

Very early mineralization, sometimes massive, was the rule in these 
sites, which were found to contain diffuse and granular phosphate, cal- 
cium, and in the late stages, carbonate. Iron was present in trace 
amounts. Suggestive evidence for the presence of free fatty acids was 
obtained. 

ADDENDUM 

Since this paper was submitted, a study by Kausche, Landschiitz, and Sauthoff 42 
on the histochemical demonstration of alkaline phosphatase in the muscle lesions of 
Coxsackie virus disease has come to our attention. These authors reported alkaline 
phosphatase activity in the degenerating segments of muscle of mice infected with 
the Coxsackie virus, and concluded that Coxsackie virus activates phosphomono- 
esterase in muscle. We have repeated our observations on a series of new preparations 
of affected muscle dissected from bone from Texas-1 and Conn.-5 infected mice. In 
every case the results were the same as those described in the text. Since our controls 


show the same localization of metallic precipitate in the muscle, it is impossible to 
assess the actual phosphatase activity of the diseased segments. 
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DESCRIPTION OF PLATES 


PLATE 82 


1. Muscle and fat lobule, stained intravitally with trypan blue to demonstrate 
the distribution of affected elements in the early lesions. The necrotic parts are 
seen as darkly stained. The widespread scattering of segmental necrosis in the 
muscle is evident; many hyalinized segments appear comminuted. The charac- 
teristic peripheral distribution of necrotic cells is apparent in the fat lobule. 
Conn.-5 strain, first day of signs. X 200. 


2. Heavy metallic deposits on the necrotic fiber segments in a section of an 
affected muscle stained according to the Gomori method for alkaline phosphatase, 
but without the substrate. Sections exposed to substrate present identical ap- 
pearances. The dark precipitate presumably indicates the presence of “pre- 
formed” ionizable phosphate in the necrotic segments. Conn.-5 strain, first day 
of signs. Gomori method. X 600. 


3. Sarcoblastic slips, exhibiting the characteristic nuclear form with large nu- 
cleoli, and basophilic cytoplasm. Ohio-1 strain, fourth day after onset of signs. 
Dilute methylene blue stain. X 800. 
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PLATE 83 


Fic. 4. Birefringence of degenerated muscle fiber segments. Texas-1 strain, first day 
of signs. Unstained frozen section photographed through microscope with crossed 
prisms. X 100. 


. 5. Concentration of ionizable phosphate in the degenerated muscle segments, 
within which the reaction for phosphate is more pronounced in the longitudinal 
striae. Texas-1 strain, first day of signs. Molybdenum blue method. X 800. 


.6. Degenerated muscle segment stained to show distribution of minerals (iron 
and calcium) within the fiber segment. The longitudinal striae derived from the 
myofibrils appear selectively mineralized. Easton strain, second day of signs. 
Gallamine blue stain. X 800. 
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7. Periphery of necrotic fat lobule showing the diffusion of desoxyribonucleic 
acid in the peripheral zone composed of partly fused necrotic fat cells. Ohio-1 
strain, first day of signs. Feulgen technic. X 515. 


8. Fused anuclear masses containing desoxyribonucleic acid in a more advanced 
lesion of a fat lobule which shows a granulomatous reaction. The Feulgen-posi- 
tive masses are surrounded by some giant cells. Ohio-1 strain, fourth day after 
onset of signs. Feulgen technic. X 515. 


g. Granular mineral deposits, chiefly calcium and traces of iron, within the 
necrotic fat cells at the periphery of a lobule. Most of the spherical clear zones 
represent lipid globules. Ohio-1 strain, fifth day after onset of disease. Galla- 
mine blue stain. X 335. 


10. Refractile mineral masses at the periphery of an affected fat lobule, show- 
ing more massive mineralization of necrotic elements and some stages in its 
development. The darkly stained material is lipid. Ohio-1 strain, seventh day 
after onset of disease. Sudan IV stain. 335. 
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NOCARDIOSIS 
NocARDIAL OSTEOMYELITIS AND SEPTICEMIA * 


Prruaitivo T. Cruz, M.D.,+ and Cart F. Crancy, Ph.D. 
(From the Ayer Clinical Laboratory of the Pennsylvania Hospital, Philadelphia 7, Pa.) 

In 1888, Nocard’* described an acid-fast actinomyces causing a dis- 
ease in cattle known as farcin du boeuf. Three years later, Eppinger? 
described the first human case of acid-fast actinomycosis in a man, 52 
years old, whose death was due to a brain abscess. Because the organ- 
ism isolated from the brain abscess and meningeal pus produced false 
branching and star-like colonies in agar, he called it Cladothrix aster- 
oides. Trevisan* was the first one to call the organism Nocardia aster- 
oides. 

Subsequently there have been reports of a number of human cases 
of acid-fast actinomycosis. In 1921, Henrici and Gardner,* reviewing 
the world’s literature, found 25 cases of infection by N. asteroides in 
man. Sixteen were of the pulmonary type with lesions ranging from 
bronchopneumonia to abscess formation; 5 had cerebral lesions with 
or without accompanying meningitis; 2 were cases of peritonitis fol- 
lowing abdominal operations; 1 was a case of spinal cord abscess; and 
1 was a case of cellulitis of the foot (Madura foot). Of these 25 cases, 
only one recovery was listed, that of Madura foot in a Filipino house- 
wife, 30 years old, following amputation of the affected extremity. In 
17 cases, cultures were positive for the organism but in 7 cases the 
typical lesions were present but no cultures were obtained. To these 
25 cases, Henrici and Gardner in the same paper added another case 
of nocardiosis in a woman, 31 years of age, who was admitted with 
pulmonary symptoms and who apparently improved when given 
an autogenous vaccine. Henrici and Gardner did not include 2 other 
cases of nocardiosis. One was reported by Steele and Lee® in 1913 in 
a schoolboy, 19 years old, who developed right lobar pneumonia with 
empyema. The organism was isolated from the sputum and the patient 
made a spontaneous recovery after thoracotomy and drainage. The 
other case was that of Davis,® in 1914, whose patient showed consoli- 
dation of the lung and who apparently improved with potassium iodide. 

In 1937, Goldsworthy‘ added a fatal case of pulmonary infection by 
Nocardia. The following year, Kessel and Goolden® described another 
fatal case of pulmonary infection with meningitis. In 1944, Benbow, 
Smith, and Grimson® for the first time reported 2 cases of pulmonary 
infection treated with sulfonamide, surgical drainage, roentgen rays, 


* Received for publication, January 16, 1952. 
+ Now at Department of Pathology, Ohio State University, Columbus 10, Ohio. 
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iodides, vitamins, and bed rest with subsequent recovery. A year later, 
Binford and Lane’® isolated the organism at necropsy from chronic 
suppurative pneumonitis, massive cerebral abscess, and an ischiorectal 
abscess. In 1946, Kirby and McNaught” reported 2 cases, one of pul- 
monary infection and one of cerebral abscess. The patients were 
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Ace GROUPS 
Text-figure 1. Age distribution of human cases of nocardiosis. 
treated with sulfadiazine but died. In the same year, Shaw, Holt, and 
Ray” reported a case of pulmonary infection successfully treated with 
penicillin, thymol, potassium iodide, sulfadiazine, and surgical drain- 
age of an empyema cavity. Calero,’* in the same year, recorded the 
case of a 12-year-old girl with lung infection who was considered cured 
after sulfonamide and penicillin therapy. In 1948, Glover, Herrell, 
Heilman, and Pfuetze’* described a pulmonary case with empyema 
successfully treated with sulfadiazine orally and intrapleurally after 
penicillin and streptomycin had failed. Hager, Migliaccio, and Young*® 
reported 2 cases in 1949. One case, of the pulmonary type, was treated 
and cured with penicillin, streptomycin, and surgical drainage. The 
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second was also a pulmonary case in which the organism was also 
found to be sensitive to penicillin, but the outcome was not stated. 

Up to 1949, 40 cases of nocardiosis had been reported. These include 
a case of otomycosis’® caused by an acid-fast bacillus called Nocardia 
cylindracea, which improved after treatment with potassium iodide and 
autogenous vaccine. This case occurred in South Africa some time in 
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Text-figure 2. Distribution of cases of nocardiosis according to organs involved. 


1917. In 1949, a case of granulomatous nocardiosis with intracellular 
parasitism supposed to be caused by Nocardia intracellularis, a hitherto 
unknown species, was reported by Cuttino and McCabe.** 

In reviewing the 40 reported cases of nocardiosis in man (Table I), 
several significant features become evident. In the first place, the dis- 
tribution appears to be world-wide, with cases reported in the United 
States, Panama, East and West Europe, England, the Philippines, 
South Africa, Australia, and Japan. This is not surprising since acid- 
fast actinomyces pathogenic to experimental animals have been iso- 
lated from soil.*® Racial distribution cannot be stated since many of 
the reported cases fail to mention the race of the patient. 

As to age, there is a wide range of from 28 days to 70 years. Of the 
34 reported cases stating the patients’ ages (Text-fig. 1), the average 
age is between 35 and 4o years. Of the 36 cases giving the patients’ 
sex, 26 were males (72.2 per cent) and 1o were females (27.8 per 
cent). This may be related to the fact that the organism lives and 
thrives in soil,*® and men rather than women work with soil. 

The disease is highly fatal. Of the 40 cases reported, only 9 patients 
were listed as definitely recovered (22.5 per cent), 27 were listed as 
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having died (67.5 per cent), the outcome of 2 was not reported, and 2 
were improved with the therapy given but not cured. Of the 9 recov- 
eries, 6 occurred after the year 1944 and were attributed to the use of 
sulfonamides, antibiotics, and surgical incision and drainage. Of the 
3 recoveries reported before this era, one patient was cured by ampu- 
tation of the affected foot,** the second recovered after thoracotomy, 
drainage, and instillation of bismuth paste into the empyema cavity,° 
and in the third recovery was attributed to potassium iodide and autog- 
enous vaccine.*® 

The organism shows a very strong predilection for the respiratory 
tract. Of the 40 cases in the medical literature (Text-fig. 2), 24, or 
60.0 per cent, showed primary lung involvement, 9, or 32.5 per cent, 
showed lesions in both the lungs and the brain, 2 showed localization 
in the brain, 2 revealed peritoneal involvement, 1 was a case of Madura 
foot, 1 was a case of spinal cord abscess, and 1 of external ear infection. 
Five cases, or 12.5 per cent, showed involvement of viscera other than 
the lung and brain, suggestive of a hematogenous spread. The pre- 
ponderance of pulmonary infection suggests that the organism prob- 
ably enters the body more frequently through the airways. 


REPORT OF CASE 


E. H. (Pennsylvania Hospital no. 93904) was a married colored female, 43 years 
old, who had been born in Maryland. She was acutely ill when admitted on March 
3, 1951, with the chief complaint of pain in the right thigh. This pain started 6 weeks 
prior to admission and was accompanied by some loss of weight. Oral medication, 
the exact nature of which was unknown, had afforded only transient relief. The pain 
in the right thigh continued intermittently and during the 2 weeks prior to admission 
it became so severe that she had to use a cane, and was completely bedridden 2 days 
prior to admission. She had complained of soreness of the mouth for the few days 
before admission. She had fever, night sweats, and chilly sensations, but there was 
no history of cough or hemoptysis. Temperature on admission was 103° F.; pulse, 
120 per minute; respirations, labored and rapid with a rate of 30 per minute; blood 
pressure, 130/70 mm. of Hg. Physical examination revealed marked wasting. There 
were adherent white plaques over the soft and hard palate, pharynx, and tonsillar 
walls. There was a grade III blowing systolic murmur at the apex transmitted over 
the entire precordium. The lungs were clear. A questionable right costovertebral 
angle tenderness was elicited. There was acute tenderness with swelling and indura- 
tion over an anterolateral area measuring 7.5 by 10.0 cm. at the junction of the upper 
and middle thirds of the right thigh, but there was no impairment of hip or knee 
motion. In both axillae there were a few non-tender, enlarged lymph nodes. The 
impression was osteomyelitis of the right femur and oral and pharyngeal moniliasis 
since branching filaments were obtained by swabbing the mouth and pharynx. Be- 
cause of the cardiac findings, bacterial endocarditis was considered also. 

Laboratory Findings. Routine blood count revealed slight anemia (red blood cells 
from 3.0 to 3.5 millions per cc. with hemoglobin of 10 to 11.0 gm.); a moderate 
leukocytosis ranging from 11,000 to 15,000 with polymorphonuclear cells of 68 to 79 
per cent. The sedimentation rate was rapid (40.0 mm. per hour). Eagle and Wasser- 
mann tests of the blood were negative. Blood culture done three times revealed 
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negative findings after 7 to 8 days. Urinalysis showed slight albuminuria toward the 
latter part of the patient’s illness, with few to 20 red blood cells and abundant white 
cells in her urine. Blood agglutination tests using typhoid “O,” typhoid “Hy,” para- 
typhoid A, paratyphoid B, Proteus OX,9, and Brucella abortus were negative. 
Chemical examination of the blood showed increasing blood urea nitrogen and cre- 
atinine reaching a maximum of 53 and 1.8 mg. per cent, respectively, on April 4, 1951. 

Course in the Ward. A smear of the white plaques in the patient’s mouth and 
throat done immediately after admission showed numerous branching, non-budding 
filaments. A roentgenogram of the right thigh taken about the same time was diag- 
nosed as osteomylitis of the right femur of several weeks’ duration. Roentgenograms 
of the chest were normal. She was started on penicillin at a dose of 100,000 units 
every 3 hours, plus some supportive measures. This was supplemented 2 weeks later 
by 300,000 units of crysticillin twice a day. On March 24, 1951, the osteomyelitic 
cavity was unroofed and packed. Smears of the exudate showed filaments with 
beaded Gram-positive granules. Culture of the same material revealed an aerobic 
actinomyces later identified as NV. asteroides. The organism was moderately sensitive 
to terramycin, slightly sensitive to neomycin, and resistant to all other available 
antibiotics. On three other occasions (March 29, March 30, and April 4, 1951) the 
same organism was isolated from exudate from the right thigh and in the last speci- 
men Staphylococcus aureus and hemolytic Escherichia coli also were isolated. Three 
days after the operation, the penicillin was increased to 200,000 units every 3 hours. 
Four days after unroofing the osteomyelitic cavity, a fluctuant swelling of the distal 
phalanx of the right middle finger developed. This was incised and drained the fol- 
lowing day. Throughout the patient’s stay in the ward, her temperature was remit- 
tent, ranging from 100° to 103.5° F., being highest toward the evening. She appeared 
toxic, with continuous draining of the wound in her right thigh. Gantrisin was started 
on April 1, 1951, with a dose of 1.0 gm. four times a day. About this time, stiffness 
of the neck became manifest. Two days prior to her death, she developed moderate 
acidosis, and 2,000 cc. of 1/6 molar lactate solution was given. Penicillin was stopped 
and terramycin was started with a dose of 1.0 gm. every 4 hours. She also received 
several blood transfusions. She developed diarrhea and died at 10:07 p.m., April 7, 
1951. 

NECROPSY 


Necropsy was done 17 hours post mortem. The body was markedly 
emaciated, weighing 40 kg., with a body length of 150 cm. The mucous 
membrane of the mouth and pharynx was covered with a violaceous 
substance and the whitish plaques described during life could not be 
discerned. There was a 12.0 cm. incision at the lateral surface of the 
upper third of the right thigh. The incision opened into an abscess 
cavity involving the underlying bone and containing about 30.0 cc. 
of moderately thick, reddish brown, odorless exudate. The upper 
third of the femur showed extensive necrosis in an area approximately 
4.0 cm. square and involving about one-third of its circumference. 
There was extension of the abscess cavity into the medial aspect of the 
thigh through the anterior surface of the femur. 

The heart (Fig. 1) showed extensive necrosis of a papillary muscle 
of the mitral valve and its corresponding chorda tendinea, with several 
sessile vegetations adherent to its surface. The involved papillary 
muscle was yellowish gray. Section through this papillary muscle 
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showed three small abscesses ranging from o.1 to 0.3 cm. in diameter 
and containing greenish yellow, thick, odorless pus. 

The left kidney was hydronephrotic, weighing only 60 gm. after the 
fluid content was drained. The right kidney weighed 255 gm. and re- 
vealed three irregular, elevated patches with a yellowish, glistening, 
central portion and a reddish purple periphery (Fig. 2). These patches, 
which were typical of early infarcts of the kidney, ranged from 1.25 to 
2.5 cm. in diameter. Hemisection through the right kidney revealed 
numerous small, yellowish abscesses in the cortical portion ranging 
from 0.1 to 0.2 cm. in diameter. The left ureter showed a point of ob- 
struction about 2.0 cm. proximal to the bladder (probably secondary 
to a previous hysterectomy). 

Sections through the right adrenal gland revealed multiple abscesses, 
0.3 to 0.5 cm. in diameter, containing a moderate amount of greenish 
yellow, thick, odorless pus. The left adrenal gland was normal. 

In the brain, a small abscess was found in the posterior tip of the 
left occipital lobe. The abscess was approximately 1.0 cm. in diameter, 
was encapsulated, and contained a moderate amount of greenish yel- 
low pus. A small grayish green area of softening, measuring about 2.0 
cm. in diameter, was found in the anterior portion of the left corpus 
callosum. 

The mesenteric and para-aortic lymph nodes were discretely en- 
larged but showed no abscess formation. The lungs, spleen, gastro- 
intestinal tract, pancreas, liver, and bladder showed nothing abnormal. 


Histologic Study 


The histologic changes in the organs showing abscesses grossly, 
namely, the papillary muscle of the mitral valve, the right kidney, the 
right adrenal gland, the right femur, and the brain, were similar in all 
respects. The main feature was extensive caseation necrosis sur- 
rounded by a wall of monocytes, lymphocytes, and plasma cells (Fig. 
3). Giant cells were not seen and fibroblastic reaction did not occur. 
The central portion of these necrotic areas was composed of cellular 
débris and degenerating leukocytes. In addition, microscopic abscesses 
were seen in the enlarged mesenteric and para-aortic lymph nodes. No 
organisms were seen with ordinary hematoxylin and eosin staining. 
Using the MacCallum-Goodpasture special stain, however, numerous 
Gram-positive, slender, filamentous forms with clusters of Gram-nega- 
tive coccoid-like bodies were seen within these abscesses (Fig. 4). Rou- 
tine Ziehl-Neelsen technic showed numerous weakly to moderately 
acid-fast, slender, branching filaments and granules within these ne- 
crotic areas. The McManus-Hotchkiss stain failed to show organisms 
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in the tissues studied except in the abscess cavities in the brain where 
reddish filaments and granules were found in a greenish background. 
A section through the greenish gray area of softening in the anterior 
portion of the left corpus callosum showed numerous micro-abscesses 
containing many organisms. 

In addition to the abscesses, the right kidney showed extensive re- 
cent septic infarcts with organism-laden thrombi within some blood 
vessels. The sections through the right femur showed extensive de- 
struction of bone with a moderate amount of granulation tissue. The 
same organism seen in the abscesses in the other organs was present. 
In one field there was a small area of caseation necrosis like those seen 
elsewhere. There were no significant findings in the lungs except a mild 
bronchopneumonia of the right lower lobe which failed to show the 
characteristic slender filaments even after special staining. 


Bacteriologic Studies 


Post-mortem bacteriologic studies revealed abundant JN. asteroides 
in the specimens obtained from the right adrenal gland, papillary 
muscle of the mitral valve, and brain abscess. 

The smear of the pus from the right femur obtained surgically 
showed branching filaments beaded with Gram-positive granules, which 
were suggestive of an actinomyces. However, culture of this material 
yielded in 48 hours an abundant growth of flat, fluffy, white colonies 
of leathery consistency on both aerobic and anaerobic plates (Fig. 6). 

Subsequently, the same organism was cultured from pus collected 
from the felon when it was incised and from the right adrenal gland, 
endocardial vegetations, and brain abscesses at necropsy. A culture 
from the femoral lesion at time of wound dressing, 6 days postopera- 
tive, was negative, but occasional beaded filaments were seen in the 
direct smear. By this time, however, the wound had become sec- 
ondarily contaminated with Escherichia freundi and the failure to 
grow the earlier organism could be explained on the basis of competi- 
tion with a more rapidly growing bacterium. In a third specimen, 12 
days postoperative, the filamentous strands could still be seen, but a 
culture yielded only Aerobacter aerogenes, E. coli, and Staph. aureus. 

Further studies indicated the organism to be N. asteroides. Micro- 
scopically, the organism appeared as Gram-negative, branching fila- 
ments studded with tiny, Gram-positive-staining granules. Occasion- 
ally, filaments or sections thereof were strongly Gram-positive. The 
freshly isolated subculture was partially acid-fast in that some of the 
bacillary forms, broken away from the mycelium, retained the fuchsin 
while the.bulk of the growth took only the counterstain. A wet mount 
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of an entire colony from a broth culture showed irregular branching 
aerial hyphae, many of which contained highly refractile granules 
(Fig. 5). 

The surface colonies on blood, Sabouraud’s, Czapek’s, nutrient agar, 
and Petragnagni’s media were very similar. After 1 to 2 weeks of 
aerobic incubation at 37° C. they were 2 to 3 mm. in diameter, snowy 
white with a matte surface, tough, and adherent. Prolonged incubation 
(4 to 6 weeks) brought out some changes in pigmentation. On Sabour- 
aud’s medium the portion of the colony next to the agar became bright 
orange. The pigmentation on Petragnagni’s medium was very similar, 
but in addition the white mycelium developed a light coral hue. By 
contrast, the growth on Czapek’s medium retained its chalky white 
appearance. In agar shake cultures the deep growth appeared as white 
cotton ball colonies; similarly, in brain-heart-infusion broth they 
grew in clusters of compact, fluffy, cotton ball colonies. Gelatin was not 
liquefied and milk was unchanged, even though the organism grew well 
in both media. 

This particular strain of N. asteroides posed a problem in identifi- 
cation because of its failure to produce yellow or orange pigmentation 
on primary isolation. The organism was described by Conant and 
Rosebury*° as being glabrous, rarely chalky. Bergey’s Manual** also 
mentioned that occasional variants are chalky white. In reviewing the 
literature, 9 different authors have described organisms that do not 
differ materially from the present culture.*:791015.25.28,36,42 

Inasmuch as there are varying reports about the pathogenicity of this 
species, infectivity tests were made on mice, guinea-pigs, and rabbits. 
The mice and guinea-pigs were injected intraperitoneally with 0.5 ml. 
of broth culture and observed for a period of 1 month, during which 
time they remained active and showed no evidence of disease. Similarly, 
a rabbit which was injected intravenously with 1.0 ml. of broth culture 
failed to develop any sign of illness.* 

Sensitivity tests by the disk method showed N. asteroides (Fig. 
7) to be moderately sensitive to terramycin, slightly sensitive to neo- 
mycin, and resistant to penicillin, streptomycin, aureomycin, chloro- 
mycetin, and polymyxin. Subsequently, a tube test indicated the strain 
to be sensitive to 1.0 wg. per ml. of terramycin. 


DISCUSSION 
The case of nocardiosis reported in this paper presented several 
significant features. In the first place, of the 40 or more case reports 


* However, 6 months after the preparation of this manuscript one of the mice developed 
a subcutaneous abscess in the neck which at necropsy was found to contain a caseous 
exudate; there was also a hepatic abscess containing caseous material from which N. aster- 
oides was cultured. 
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in the literature, this is the only case in which the primary focus of in- 
fection was femoral osteomyelitis. It is also one of the few cases in 
which involvement of the lungs was absent. The involvement of the 
heart also made this case interesting inasmuch as the clinical signs 
produced thereby suggested the possibility of bacterial endocarditis. 
The finding of moderate sensitivity of the organism to terramycin in 
vitro opens a new field in therapeutic approach, although delay in the 
institution of specific therapy prevented an adequate trial. Gordon 
and Hagan*® isolated several species of Nocardia from soil, which 
were culturally related to organisms isolated from known human cases 
and which produced lesions in rabbits not distinguishable from those 
produced by known pathogenic types. This finding suggests that the 
organisms may gain access to the blood stream through superficial 
breaks in the skin and mucous membrane. 

The mouth lesions in this case developed after the femoral lesion 
and thus the oral mucosa cannot be considered a portal of entry. 
Whether the initial localization was in the heart or femur cannot be 
stated definitely. The long interval between the discovery of the 
femoral lesion and death would suggest that the initial infection had 
occurred in the bone with subsequent cardiac involvement and then 
hematogenous spread to other organs. 


SUMMARY 


In a fatal case of nocardiosis occurring in a colored female, 43 years 
old, the initial infection was an osteomyelitis of the right femur with 
subsequent embolic abscesses in the heart, brain, kidney, adrenal 
gland, and mesenteric and para-aortic lymph nodes. 

The organism showed a moderate sensitivity to terramycin and a 
slight sensitivity to neomycin but neither of these drugs received a 
satisfactory therapeutic trial. Their value in cases of nocardial infec- 
tion should receive further study. 

We are indebted to the Misses Alice Kester and C. Burr McDonald for assistance 


in identifying the organism, to Mr. L. Soneson for the photomicrographs, and to 
Dr. A. Reynolds Crane for his advice and criticism. 


ADDENDUM 


After this paper had been accepted for publication, another report #* on nocardiosis 
appeared, adding 3 more cases to the literature. The first case was a white male, 39 
years old, with silicosis, who developed multiple subcutaneous abscesses which were 
positive for Nocardia asteroides. Necropsy revealed nocardial bronchopneumonia 
coexisting with anthracosilicosis, subcutaneous and renal abscesses, meningitis, and 
multiple cerebral and cerebellar abscesses. The organism was demonstrated in the 
brain, lungs, and kidneys. The second case was a white male, 60 years of age, who 
was admitted for cardiac failure. Necropsy showed right hydrothorax, right-sided 
bronchopneumonia, cerebral abscesses, and a left axillary abscess. Culture obtained 
post mortem from the pleural fluid, left lateral ventricle, and occipital abscess were 


620 CRUZ AND CLANCY 


positive for N. asteroides. The third case was a white female, 23 years old, who was 
admitted for shortness of breath, orthopnea, night sweats, and hemoptysis. Left- 
sided hydrothorax was found and culture of the pleural fluid revealed the causative 
organism. The patient recovered after 2 years with combined streptomycin and 
penicillin therapy. Organisms from the first case were slightly sensitive to a combi- 
nation of penicillin and streptomycin in vitro. 
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DESCRIPTION OF PLATES 


PLATE 85 


Fic. 1. Heart showing necrosis and abscess formation of a papillary muscle of the 
mitral valve. 


Fic. 2. Right kidney showing multiple septic infarcts. 
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PLATE 86 


Fic. 3. Necrotic area in the papillary muscle surrounded by a wall of lymphocytes, 
monocytes, and plasma cells. Hematoxylin and eosin stain. X 450. 


Fic. 4. The same area in the papillary muscle under oil immersion showing numerous 
fragments of Nocardia asteroides. MacCallum-Goodpasture’s stain. X 1000. 
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PLATE 87 
Fic. 5. Marginal filaments from a colony of N. asteroides from broth culture. X 1000. 


Fic. 6. Blood agar plate showing primary isolation of N. asteroides from the femur. 
xX 


Fic. 7. Sensitivity test. Reading clockwise starting at X: penicillin, terramycin, 
neomycin, chloromycetin, aureomycin, streptomycin, and, center, polymyxin. 
There is inhibition of growth with terramycin and neomycin. X 3. 
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THE HISTOLOGY OF ANTIGENICALLY STIMULATED LYMPH NODES 
IN RABBITS GIVEN ACTH OR CORTISONE * 


Joun M. Craic, M.D. 


(From the Departments of Pathology, the Children’s Medical Center, Harvard Medical 
School, and the Children’s Cancer Research Foundation, Boston, Mass.) 


The reduction in the mass of lymphoid tissue after administration 
of active adrenocortical substances or of adrenocorticotropic hormone 
in animals with intact adrenal glands is now a well established phe- 
nomenon.’® This is accompanied by a decrease in the number of 
girculating lymphocytes,** and is coincident with dissolution of the 
small adult lymphocytes in the thymus, spleen, bone marrow, and 
lymph nodes.”*> The formation of reaction centers, the swelling of the 
sinusoidal reticulum cells, and the inhibition of follicular mitosis also 
have been reported to occur in lymph nodes of animals given adreno- 
cortical substances.” 

In adrenalectomized animals, on the other hand, an increased mass 
of lymphoid tissue has been reported to develop, especially in the 
visceral lymph nodes.°™ Here, the perifollicular element, especially, is 
widened by increased numbers of large and small cells. 

The location of the site of production of antibodies in lymphoid 
structures appears to be well established’*""" by the demonstration, early 
in the period of response, of increased antibody titers within lymph 
nodes and in the efferent lymph from the regional lymph nodes in com- 
parison with that in the serum. The observation that antibody forma- 
tion is suppressed by the use of agents such as radiation or nitrogen 
mustards, which are known to destroy lymphoid tissue,'*** also appears 
‘ to implicate the lymphoid tissue in antibody production. 

The cell or cells within the lymphoid tissue that are responsible for 
the production of antibodies have not been clearly defined. Through 
the use of various technics, studies purporting to establish the lympho- 
cytes, transitional or reticular cells, or the adult plasma cells as sources 
of antibodies have presented conflicting conclusions. There is little 
evidence that the macrophages produce antibodies, although their 
activity as digesters and preparators, of foreign protein cannot be de- 
nied.**:** Most authors agree that-the transitional cell (reticulum cell, 
immature lymphocyte or preplasma cell, or preplasmablast) plays an 
important, and perhaps a major, réle in the formation of antibody pro- 
tein.**°° Others point out that the lymphocytes also are intimately 
related to the antibody response,’*"* though the exact connection is not 
established.** 


* Received for publication, February 11, 1952. 
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Adrenocorticotropic hormone and cortisone have been shown by the 
majority of workers to inhibit partially the formation of antibodies.?*** 
However, their results, with the exception of those reported by Ger- 
muth and his associates,*° have not been clear-cut. On the other hand, 
Chase, White, and Dougherty** reported that an increased titer of 
antibody was obtained by the simultaneous administration of antigen 
and adrenocortical extract. 

With this background in mind, experiments designed to demonstrate 
the histologic effects of adrenocorticotropic and adrenocortical hore 
mones in antigenically stimulated lymph nodes of rabbits were carried 
out. In order to determine the sequence of changes in control and 
hormone-treated animals during the period of maximum antigenic 
stimulation and antibody production, a single injection of antigen was 
given in an area from which the lymphatic drainage would pass pri- 
marily to a single lymph node.** It was hoped that this method might 
give some insight into the cellular source of antibody and the histo- 
logic manifestations of adrenocortical inhibition of antibody formation. 


MATERIALS AND METHODS 


New Zealand white rabbits weighing between 1.4 and 2.0 kg. were 
used. The animals were maintained in separate cages on a diet of 
purina chow, supplemented with fresh carrots. After a short period of 
observation, usually about 1 week, one or more leukocyte and differ- 
ential counts were made, using freely flowing blood from an incised 
vein in the ear. A control sample of blood was collected aseptically by 
cardiac puncture for antibody determination. Then 0.5 cc. of Salmo- 
nella typhi “O” antigen,* which had been washed three times and 
restored to its original volume with saline solution, was injected into 
the right foot pad. The animals were divided into three major groups 
of 12 animals each. The animals in group 1 were killed 48 hours after 
injection of the antigen, those in group 2 were killed 96 hours after 
injection, and those in group 3 were killed 8 days after injection of the 
antigen. These major groups were further divided into three equal 
subgroups: one consisted of 4 antigen-treated control animals, one 
consisted of 4 antigen-treated animals given daily doses of ACTH, and 
the third consisted of 4 antigen-treated animals given daily doses of 
cortisone. In group 2, 5 rather than 4 antigen-treated control animals 
were used. 

Serial total and differential leukocyte counts were made at intervals 
during the experimental period. At the time the animal was killed by 
intracardiac injection of air, a second sample of serum was obtained. 

* Lederle febrile typhoid “O” antigen, product no. 2483. 
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In group 3, carried for 8 days after the antigen was administered, an addi- 
tional sample of serum was obtained 4 days after the initial injection 
of antigen. 

The animals receiving ACTH were given the equivalent of 30 mg. of 
the standard of LA 1 A Armour adrenocorticotropic hormone each day. 
In group 1, this was divided into four equal portions and administered at 
6-hour intervals. In groups 2 and 3, it was divided into three equal 
portions and administered at 8-hour intervals. The first dose was given 
at the time of injection of antigen, intramuscularly, into the left thigh. 
The cortisone (17-hydroxy-11 dehydrocorticosterone—Merck) was 
given intramuscularly once a day in a dose of 4 mg. The first dose was 
injected 4 hours before the administration of the antigen. An addi- 
tional milligram was given 6 hours before the animal was killed. 

Immediately after death, the subcutaneous tissue of the foot pad 
and the interosseous muscles were dissected from both the injected 
and uninjected sides. The popliteal lymph nodes were removed, dis- 
sected free of adherent fat, weighed to the nearest milligram, divided, 
and placed with the foot pads in Zenker’s acetic acid solution and in 
absolute alcohol. The adrenal glands, liver, and spleen were weighed. 
Paraffin sections of Zenker-fixed tissue were stained with toluidine blue 
and eosin, and the alcohol-fixed nodal tissue was stained by Taft’s 
modification of the methyl-green-pyronine stain.** Serum antibody 
titers were determined against unwashed typhoid “O” antigen 
(Lederle), according to the microscopic slide technic of Welch and 
Stuart.*’ The popliteal lymph node from the uninjected side in each 
animal served as an additional control, since it received only minimal 
stimulation from the injected antigen, but received the full effect of the 
adrenocorticotropic and adrenocortical hormones. 

Wherever possible, a quantification of histologic features was at- 
tempted. Measurements were made or values of 1 to 4 were assigned 
arbitrarily to the various nodal constituents. For example, the width 
of the cortex of a node was measured in high-power field diameters in 
several quadrants. The size of the germinal follicles was determined 
similarly; all of the follicles within a given section were measured by 
their high-power field diameters, and the result was expressed as a 
mean number. This method was found to be reproducible. The pre- 
dominance of one cell type was estimated by its relative frequency and 
was assigned a value of from o to 4. Thus, an appreciable number of 
cells of one kind which made up less than 25 per cent of the total 
number of cells was assigned a value of 1, and if a given type of cell 
made up 75 to 100 per cent of the total number of cells, it was assigned 
a value of 4. The number of mitotic figures present in a high-power 
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field similarly was assigned an arbitrary value: 1 indicated the pres- 
ence of 1 to 5 mitotic figures; 2, 5 to 10; 3, 11 to 20; 4, more than 20. 

The changes observed in the popliteal lymph nodes of the control 
rabbits after the injection of typhoid antigen were similar to those 
reported by Ehrich and Harris.** After 2 days, a diffuse polymorpho- 
nuclear reaction was present in the perinodal structures, and the cortex 
was greatly widened (Figs. 1 and 3) and contained a variety of small 
lymphocytes, large lymphocytes, swollen reticular cells (showing an 
occasional mitotic figure), and eosinophilic polymorphonuclear cells. 
Germinal follicles were present, but were of moderate size and indefi- 
nite outline. Many of these contained reaction centers filled with 
polymorphonuclear cells and débris. No secondary follicles were seen, 
and no mitotic figures were observed in the germinal follicles, although 
they could be found in the cortex. The medullary cords were swollen 
and contained a variety of cells, some in mitosis. The sinusoids were 
swollen, and the macrophages contained a few polymorphonuclear 
eosinophils and considerable nuclear débris. After 4 days, the infiltra- 
tion of the perinodal tissue was decreased, and the cortex was very 
wide and contained sheets of adult and immature lymphocytes, as well 
as large germinal follicles with active secondary follicles, having many 
mitotic figures. The peripheral and central sinusoids contained a few 
eosinophils and a moderate number of large and small lymphocytes. 
The medullary cords (Fig. 5) were swollen and contained a predomi- 
nance of the transitional or preplasma cells, but also numbers of 
eosinophils and lymphocytes. The sinusoidal macrophages were less 
swollen, but still contained much débris. After 8 days, the perinodal 
tissues still contained a few chronic inflammatory cells, but the periph- 
eral sinuses often were empty. The cortex was approaching normal 
width, but contained an increased number of small follicles with still 
active secondary follicles. The cortex was comparatively uniform in 
cell content with many adult lymphocytes. The medullary cords were 
less wide and still contained a high proportion of large transitional 
cells and an increasing proportion of small lymphocytes. The macro- 
phages in the central sinusoids approached their inactive state, but the 
sinusoidal spaces contained moderate numbers of both large and small 
lymphocytes. 

The distribution of the pyronine-positive areas, as revealed by the 
methyl-green-pyronine stain, was observed to shift considerably during 
the course of the experiment in the antigen-injected controls. In the 
nodes of the control animals killed 2 days after injection of the antigen, 
the pyronine-staining material was present in single cells in the middle 
and inner cortical layers and in a larger percentage of cells in the med- 
ullary cords, while none was observed in the reaction centers or in 
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the sinusoids. After 4 days, the largest mass of pyronine-positive cells 
was in the germinal follicles (Fig. 9), and the cytoplasm here was 
stained intensely. There were single scattered pyronine-positive cells 
outside the germinal follicles in the cortex. In the medullary cords, the 
cytoplasm of the pyronine-positive cells was more abundant, but the 
intensity of the reaction did not differ from that within the germinal 
follicles. These medullary cells continued to have positively stained 
cytoplasm even while in mitctic division. The reticulo-endothelial 
macrophages took a faintly positive stain. After 8 days, the pyronine- 
positive material in the secondary germinal centers was sharply re- 
duced in amount and intensity. Likewise, the number of the positive 
cells in the cortex was greatly reduced. Only a minimal amount of 
reactive material was observed in the medullary cords. The macro- 
phages did not stain at 8 days. 

Two days after injection of the antigen, the foot pads showed defi- 
nite necrosis of muscle, exudation of polymorphonuclear cells, and 
deposition of fibrin in the loose interstitial areolar tissue. After 4 days, 
early repair was in progress with sarcolemmal nuclear proliferation 
and proliferation of fibroblasts and mononuclear cells at the edges of 
the largely necrotic mass of polymorphonuclear cells. Some peripheral 
organization of the exudative débris and proliferation of lymphocytes 
had occurred. After 8 days, small nodules of lymphocytes were pres- 
ent, and the edge of the exudative mass was invaded by proliferating 
fibroblasts and mononuclear cells. The observed proliferation of sar- 
colemmal sheath cells continued. 


RESULTS 
Group 1 Animals Killed Forty-eight Hours after Injection of Antigen 


In group 1 there was considerable reduction in the weights of the 
popliteal lymph nodes on both injected and uninjected sides in the ani- 
mals receiving ACTH or cortisone (Table I). The spleens were smaller 
in the animals receiving ACTH or cortisone than they were in the con- 
trols. The adrenal glands were larger in the animals treated with 
ACTH, but smaller in those treated with cortisone than they were in 
the controls. No demonstrable antibody was found in the serum of any 
animal in group 1. 

The nodes on the antigenically stimulated side were less congested 
in the animals treated with ACTH or cortisone than they were in the 
control animals. No gross or microscopic differences were found be- 
tween the foot pads of the control group and those of the ACTH- 
treated animals. The foot pads of the cortisone-treated animals were 
not grossly congested, as were those of the other two groups. Micro- 
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scopically, after 2 days, the perinodal areolar tissue of the animals 
which received ACTH contained large masses of infiltrating cells, while 
that of the cortisone-treated and control animals showed only minimal 
to moderate reactions. Fibrin plugs were present in the afferent lym- 
phatics of 3 of the 4 ACTH-treated animals, but were not present in 
any of the cortisone-treated or control animals. Similarly, the periph- 
eral sinusoids of the ACTH-treated animals, although only slightly 
more dilated, appeared to contain a larger number of cells, both 
eosinophils and large transitional cells; all groups contained moderate 
numbers of lymphocytes. The fixed reticulo-endothelial cells of the 
peripheral sinuses displayed little change in any group. 
Microscopically, the cortices of the lymph nodes were much nar- 
rower in the animals treated with ACTH or cortisone than they were 
in the antigen-injected controls (Figs. 1, 2, 3, and 4). They were also 
qualitatively different in the following respects: (1) Throughout the 
cortex in the ACTH-treated animals, and extending into the medullary 
cords, were numerous pyknotic lymphocytes. These often occurred in 
sheets, but it was difficult to recognize lymphocytes beyond the stage 
of pyknosis. The loss of small lymphocytes in the cortex uncovered 
the fixed structural reticular cells in focal areas of the node. Occasion- 
ally, small foci of pyknotic lymphocytes were seen also in the controls, 
away from the reaction centers, but these were inconspicuous as com- 
pared to those in the ACTH-treated animals; pyknotic, small lym- 
phocytes were even less conspicuous in the cortisone-treated animals. 
(2) The outlines of the few remaining follicles in the ACTH-treated 
animals were less distinct than they were in the antigen-injected con- 
trols, there being a less dense rim of adult lymphocytes about the 
follicles. This comparative obliteration of follicular outline was less 
well marked in the cortisone treated animals. (3) The germinal fol- 
licles in the cortex, where discernible, were extremely small in contrast 
to those in the control animals. In none of the groups were secondary 
centers of active lymphoblastic proliferation still discernible. (4) Ex- 
tremely small reaction centers, consisting of a mass of polymorphonu- 
clear cells, disintegrating lymphocytes, and nuclear débris, were present 
in the cortex in lymph nodes from 3 of the 4 ACTH-treated and in one 
of the 4 cortisone-treated animals. Three of the 4 control animals had 
large and conspicuous reaction centers in the lymph node cortices. 
(5) No significant mitotic activity was apparent in the germinal fol- 
licles of either treated group, but in the control animals, occasional 
mitotic figures were apparent in the greatly thickened cortex. (6) The 
medullary cords of the lymph nodes in the animals treated with ACTH 
or cortisone were narrow and inconspicuous, but their cell content did 
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not differ qualitatively from that of the control animals. (7) The ap- 
pearance of the intermediate and central sinuses of the lymph nodes 
in animals treated with ACTH or cortisone was striking because of the 
swelling of the sinusoidal macrophages, which choked and obliterated 
the sinusoidal lumen. Large numbers of intact, eosinophilic poly- 
morphonuclear cells were present in the sinuses and within the cyto- 
plasm of the macrophages. The processes of digestion of the 
phagocytized débris appeared to be less advanced than in the untreated 
animals. In the latter, the macrophages only rarely filled the sinusoids, 
the eosinophils were reduced in number, and the cytoplasm of the 
phagocytes rarely contained more than basophilic débris. 

With the methyl-green-pyronine stain, the cytoplasm of some in- 
dividual cells in the cortex and medullary cords of lymph nodes from 
animals treated with ACTH and cortisone stained more intensely than 
that of their neighbors, but there were fewer affected cells than there 
were in the controls. 

At the end of 2 days, the differences between the three groups in 
the histologic features of the popliteal nodes from the sides not anti- 
genically stimulated were much less conspicuous. The width of the 
cortex was nearly the same, and in outline and size the follicles were 
nearly equal. Small secondary follicles with a few mitotic figures were 
present in 2 of 4 animals in each group of the hormone-treated rabbits. 
In animals observed for 4 or 8 days, the histologic similarity of the 
lymph nodes not antigenically stimulated was even more apparent in 
all three groups. 


Group 2 Animals Killed Ninety-six Hours after Injection of Antigen 


In 3 of the 4 ACTH-treated animals and in all of the cortisone- 
treated animals in group 2, the popliteal lymph nodes draining the 
right foot pad were smaller than those in the control animals (Table 
II). In the ACTH-treated animals, the serum antibody titers were 
lower than they were in the controls, with one exception. In the corti- 
sone-treated animals, the serum antibody titers were slightly, but not 
significantly, lower than those in the controls. No significant differ- 
ences in the perinodal tissue could be discovered between the groups. 
The foot pads of the animals treated with ACTH and cortisone showed 
less proliferation of granulation tissue and a decided reduction in the 
number of lymphocytes in the inflammatory reaction about the granu- 
lation tissue. 

Microscopically, the lymph nodes of the hormone-treated animals 
had thinner cortices (Table II), but, like those of the controls, they 
contained sheets of small lymphocytes. The germinal follicles of the 
hormone-treated animals also were smaller, although the outline of the 
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germinal centers was distinct. This finding was in contrast to the 
poorly outlined centers in the animals killed 48 hours after injection 
of antigen. The reaction centers in the treated animals were consider- 
ably reduced in area and number, in contrast to the persisting reaction 
centers in the control animals. In the animals treated with ACTH or 
cortisone, the secondary follicles were considerably diminished both in 
size and in number (Figs. 5 and 6). The number of mitotic figures 
present within the germinal follicles was markedly reduced. The 
medullary cords in hormone-treated animals (Figs. 7 and 8) were 
about as wide as those in the controls, but they stood out more con- 
spicuously from the intermediate and central sinuses because of the 
great predominance of large transitional, preplasma, or plasma-cell 
precursor forms. These cells had a round-to-oval cell body and mod- 
erate to abundant basophilic, pyronine-positive cytoplasm, without a 
definite paranuclear vacuole. They had an eccentric, round nucleus 
which did not display the “cart-wheel” pattern of the adult plasma 
cell. In the control groups, the medullary cords were less conspicuous 
than they were in the animals treated with ACTH or cortisone because 
they contained a greater variety of cells which blended with the cell 
content of the sinusoids. Mitotic figures among the large transitional 
cells were seen occasionally in these latter areas in both control and 
hormone-treated groups. The peripheral sinuses of the animals treated 
with ACTH and cortisone contained fewer small lymphocytes and a 
larger proportion of transitional preplasma cell forms than did the con- 
trols. This difference was much more noticeable in the central sinu- 
soids of the two groups, and was accentuated by the greater dilatation 
of the central sinuses in the hormone-treated groups. The number of 
eosinophils in the central sinusoids in the ACTH-treated rabbits was 
smaller than in the controls, and these cells were nearly absent in the 
cortisone-treated rabbits. In this group no differences were observed in 
comparing the fixed sinusoidal reticulum from the lymph nodes of the 
antigen-injected control rabbits with that from lymph nodes of the 
rabbits given ACTH or cortisone. 

The methyl-green-pyronine stain revealed pyronine-positive cells 
scattered diffusely throughout the cortex in the lymph nodes of the 
hormone-treated animals; these scattered, large cells were not present 
in the lymph nodes of the control animals. There was a marked dimi- 
nution of pyronine-positive material in the smaller secondary germinal 
follicles of the animals treated with ACTH or cortisone, in comparison 
to the controls; the intensity of the reaction was reduced, as well as 
the number of cells affected. In the medullary cords, however, the 
cytoplasm of the masses of large cells in the hormone-treated animals 
took an intense stain (Fig. 10). Similar cells were present also in the 
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medullary cords of the control animals, although they were mixed with 
cells of other types. 

The popliteal lymph nodes on the uninjected sides of the animals 
showed more overlapping in weight values (Table II), as well as in 
histologic characteristics, than did those on the injected side. The 
width of the cortex and the size of the primary follicles were not differ- 
ent, but in the formation of the secondary follicles of lymphoblastic 
cells, the animals treated with ACTH or cortisone were comparatively 
deficient. With this failure in formation of the secondary reaction 
centers, there was also a comparative decrease in the number of mitotic 
figures, none of the hormone-treated animals displaying mitotic figures 
in the follicles. No significant differences were encountered in the 
medullary cords of these two groups. The peripheral and central 
sinuses were dilated less in the hormone-treated animals, and fewer 
small lymphocytes were present. 


Group 3 Animals Killed Eight Days after Injection of Antigen 


In group 3 there were no striking differences in the size of lymph 
nodes, in their histologic responses, nor in antibody production be- 
tween the hormone-treated animals and the controls (Table III). In 
the injected foot pads, the organization of the necrotic exudate was 
much decreased in the cortisone-treated animals and slightly less so in 
the ACTH-treated animals, in comparison to the controls (Figs. 11 
and 12). Along with the decreased evidences of fibroblastic and capil- 
lary proliferation, the formation of small lymphoid nodules, present in 
the controls, was not seen. In the small inflammatory foci that were 
present in the hormone-treated animals, mononuclear cells and transi- 
tional cell forms were seen rather than small lymphocytes. 

The histologic response in the perinodal tissues did not differ sig- 
nificantly among the three groups. In all groups, the number of 
germinal follicles was increased, each usually having a thin rim of 
adult cortex surrounding the follicle; each of these follicles contained 
a prominent but small secondary follicle. In size, constituent cells, and 
mitotic activity, the lymph follicles of each group approximated one 
another. In the cortical sheets running from the peripheral sinuses 
to the medullary area, there was a tendency for the hormone-treated 
animals to have a decreased percentage of small lymphocytes and an 
increased percentage of large transitional cells. No obvious pyknosis 
of individual lymphocytes was seen in cortical nodal substance from 
either the control or the hormone-treated animals. A larger proportion 
of transitional cells in the peripheral and central sinusoids was noted 
in the animals treated with ACTH or cortisone; the total number of 
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cells in the sinusoids was much de- 
creased as compared to the number 
in animals killed 2 or 4 days after 
injection of antigen. The medul- 
lary cords were narrower in the 
animals treated with ACTH or 
cortisone than in the controls. The 
sinusoidal reticulum had returned 
to normal in all groups. 

Methyl-green-pyronine stains 
showed the same general pattern 
in all animals of the group, but the 
hormone-treated animals had a 
larger number of pyronine-posi- 
tive cells in the cortex and medul- 
lary cords. 

No significant differences were 
found in the histologic patterns of 
lymph nodes from the non-antigen 
injected side of hormone-treated 
and control animals. 


DIscussIon 


The significant deviations from 
the normal lymph node response 
induced by adrenocortical activity, 
observed in this experiment, were 
those of an inhibitory nature. This 
inhibition became apparent in the 
failure of the formation and per- 
sistence of the exuberant reaction 
centers in the antigenically stimu- 
lated lymph nodes which were seen 
in the control animals after 2 days. 
In rabbits treated with ACTH or 
cortisone, similar reaction centers 
have been reported to form within 
6 hours after injection of the hor- 
mone.” It may have been that, in 
these experiments, this transitory 
state was not observed in the hor- 
mone-treated animals because, 
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after a period of 2 days, reconstitution of the germinal follicles in a 
lymph node not antigenically stimulated already would have been well 
established. The formation of these reaction centers must depend on 
local factors as well as on hormonal ones, since none was present in the 
nodes from the non-antigenically stimulated sides of the control animals 
(Table I), though small ones were found in similar nodes of the corti- 
sone-treated animals, as a result of hormone effect. 

Another inhibitory effect of ACTH and cortisone on the normal 
response of lymph nodes subjected to stimulation by foreign antigen was 
the suppression of the usual increases in the width of the cortex of the 
node. This may have resulted in part from the cytotoxic action of 
adrenal hormone and in part from the inhibition of mitotic activity 
and cellular growth. Apparently, the cytotoxic action affects primarily 
the small adult lymphocytes, since Dougherty and White? found no 
hormonal effect of a cytotoxic nature in the lymphoblasts and large 
lymphocytes. The inhibition of mitotic activity, a widespread biologic 
phenomenon, has been demonstrated in embryos, tumors, granulation 
tissue, and young growing animals.**** This study presented evidence 
of both lymphocytic destruction in the cortex of the lymph nodes and 
mitotic inhibition in the cortex and secondary germinal centers of 
antigenically stimulated lymph nodes in animals treated with ACTH 
or cortisone. The greater uniformity of cell type seen in the cortex of 
lymph nodes in the hormone-treated animals of group 1 also may have 
represented an inhibition of the normal response, since many of the large 
cells present in the cortex of the lymph nodes from the control animals 
were actively proliferating lymphoblastic cells. 

The suggested relationships of the pyronine-positive cytoplasmic 
materials to the ribose nucleic acids and to the formation of antibody 
protein have been presented by Ehrich and his co-workers** and by 
Harris and Harris.** Both of these groups of workers believed that the 
location of pyronine-staining material within the cells indicated a high 
ribose nucleic acid content. Ribose nucleic acid, in turn, is present in 
large quantities where active protein synthesis is occurring.** This 
material may be related to the production of intracellular protein for 
active cell growth, as well as to the synthesis of extracellular proteins.*® 
The formation of ribose nucleic acid within the cytoplasm of cells of 
the medullary cords was not inhibited by ACTH or cortisone. The 
observed decrease in the presence of pyronine-positive cells within the 
secondary follicles may well be the result of a failure of supply of cells, 
due to inhibition of mitotic activity. The abundant formation of 
pyronine-positive material within the cells of the medullary cords, 
where it is usually in greatest concentration, and also throughout the 
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cortex, suggests that the suppression of antibody formation noted by 
others is related more to the mitotic inhibitory action of adrenocortical 
hormone than to any failure of the individual cells to produce antibody 
—that is, it is due more to a total reduction in the lymphoid tissue mass 
at peak antibody response than to any alteration in cell function dur- 
ing this response. 

According to Ringertz and Adamson,” the actively dividing cells of 
the secondary germinal follicles may develop into either plasma cells 
or lymphocytes. They distinguished the intermediate preplasma cell 
forms from other immature cells of the lymph node by the presence of 
pyronine-positive material in their cytoplasm and nucleus. The pres- 
ence of pyronine-positive material in the cells of the germinal follicle 
suggests that they may have a prominent rdle early in the course of 
antibody production. Ehrich** believed that these foci of extreme 
mitotic activity in the cortex were not the same as the later developing 
“Fleming’s centers,” and called them pseudo-secondary nodules, but 
did not explain their relation to antibody formation. 

Bjgrneboe and Gormsen,™ using repeated injections of a variety of 
antigens, found that the plasma cells, which they believed to be the 
source of antibody, first appeared in considerable numbers about the 
ninth or tenth day after the start of injections; moreover, they found 
that these cells appeared in areas away from the follicles. Fagraeus** 
found the splenic red pulp to be a more active source of antibody than 
the follicles, and this relationship coincided with the position of the 
plasma cells in the pulp. In the present experiment, few adult plasma 
cells could be identified, yet significant antibody titers developed. Con- 
siderable numbers of pyronine-positive cells were present in the large 
secondary germinal follicles in the control animals. These facts indi- 
cate that there is a difference in the distribution of pyronine-positive 
material in the lymph nodes in response to a single, short-term anti- 
genic stimulus, in contrast to a chronic, multiple antigenic stimulation 
in which a hyperimmune state develops. In contrast to the observa- 
tions reported by Harris and Harris," in the present study, no pyro- 
nine-positive material was found in the small mature lymphocytes in 
any of the groups. 

In these experiments, the failure of either ACTH or cortisone to 
affect significantly the antibody titer is disturbing. Most of the experi- 
ments used in assessing the action of ACTH or cortisone have utilized 
repeated injections of antigen extending over a period of several weeks. 
Thus, they are concerned more with a hyperimmune than an immune 
reaction. In the ACTH-treated animals, several other factors also may 
be considered in relation to the failure of antibody suppression. First, 
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a local antagonism to ACTH ** may have developed, since the hormone 
was injected in a fairly circumscribed area of the left thigh. Second, a 
large dose of ACTH may have given rise to an exhausted state in the 
adrenal gland. Third, ACTH in rabbits, as in man,’ may be able to 
effect only a temporary depletion of lymphocytes. In keeping with this 
suggestion, in this series a sharp initial drop in the absolute lymphocyte 
count was noted (Text-fig. 1) in the peripheral blood, both in control 
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Text-figure 1. Serial leukocyte levels of the peripheral blood from the rabbits of group 3. 
The point “O” days represents the time of injection of antigen. 
and in ACTH-treated groups. A subsequent rise to a control level 
occurred in both these groups, but the lymphocyte counts in the 
ACTH-treated animals lagged slightly in their rise. In contrast to this, 
the lymphocyte counts of the cortisone-treated animals became lower 
as the experimental period lengthened. The failure of ACTH and corti- 
sone to inhibit uniformly or completely the formation of antibody has 
been noted by nearly all other workers.?**"** Germuth and his co- 
workers,*° however, by administering cortisone from the onset of im- 
munization, were able to inhibit antibody formation almost completely. 

The histologic differences between the lymph nodes of the hormone- 
treated and control groups were always far less conspicuous in the 
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popliteal nodes of the side not receiving injected antigen. Thus, an 
antigenic stimulus accentuates in lymph nodes the histologic differ- 
ences arising from the influence of adrenocortical substances. Some of 
these changes are exaggerations of those seen in nodes not so stimu- 
lated. These include the pyknosis and loss of small lymphocytes, swell- 
ing of the sinusoidal reticulum cells, phagocytosis of cell elements, and 
arrest of mitotic figures in metaphase. Other effects noted in these 
experiments are not usually found in lymph nodes not stimulated anti- 
genically. These include suppression of reaction centers, of increases 
in width of the cortex, of the formation of germinal follicles, and of 
mitosis within the germinal follicles. A greater uniformity of cell 
content of the peripheral sinuses and medullary cell cords was present 
in the hormonally influenced lymph nodes. Probably this was a con- 
sequence of the lysis and inhibition of formation of small lymphocytes. 


CONCLUSION 


Rabbits receiving adrenocorticotropic hormone or cortisone during 
the period of maximal antibody production caused by a single anti- 
genic stimulus showed a significant depression of the normal histologic 
response in the affected regional lymph nodes. This repressive influ- 
ence was found in the reduced mass of the affected lymph nodes, in 
their narrowed cortex, in their lack of reaction centers, and in the par- 
tial inhibition of the formation of germinal centers and mitotic figures. 
The adrenocortical activity did not inhibit the formation of transitional 
or preplasma cell forms. 
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DESCRIPTION OF PLATES 


PLATE 88 


1. Right popliteal lymph node from control animal 48 hours after injection of 
antigen. The cortex is wide and densely cellular. Toluidine blue and eosin stain. 
X 4. 


2. Right popliteal lymph node from ACTH-treated animal 48 hours after injec- 
tion of antigen. The cortex is narrow and does not encroach on the medullary 
cords. Toluidine blue and eosin stain. X 4. 


3. Right popliteal lymph node from control animal 48 hours after injection of 
antigen. The cortex is broad and cellular and contains a large reaction center. 
Toluidine blue and eosin stain. X 125. 


4. Right popliteal lymph node from ACTH-treated animal 48 hours after injec- 
tion of antigen. The perinodal tissue is infiltrated. A large thrombus is present 
in a perinodal lymphatic. No well outlined follicles are present. Toluidine 
blue and eosin stain. X 125. 
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PLATE 89 


Fic. 5. Right popliteal lymph node from control animal 4 days after injection of 
antigen. A large germinal follicle with prominent secondary center containing | 
many mitotic figures is present. Many small lymphocytes surround the sec- 
ondary follicle. Toluidine blue and eosin stain. X 300. 


Fic. 6. Right popliteal lymph node from ACTH-treated animal 4 days after injec- 
tion of antigen. The germinal follicle is small, with minimal mitotic activity. 


Few small lymphocytes are seen in the perifollicular area. Toluidine blue and 
eosin stain. X 300. 
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PLATE 90 


. 7. Right popliteal lymph node from control animal 4 days after injection of 
antigen. The medullary cords contain a variety of small lymphocytes, reticulum 
cells, and transitional cells. Toluidine blue and eosin stain. X 300. 


. 8. Right popliteal lymph node from ACTH-treated animal 4 days after injec- 
tion of antigen. The medullary cords consist predominantly of transitional 
preplasma cells. Toluidine blue and eosin stain. X 300. 


.9. Right popliteal lymph node from control animal 4 days after injection of ° 
antigen. The germinal follicle contains many pyronine-positive cells with dark 
cytoplasm. Methyl-green-pyronine stain. X 4o0. 


. 10. Right popliteal node from ACTH-treated animal 4 days after injection of 
antigen. The medullary cord transitional cells stain intensely with pyronine, as 
do a few transitional cells in the sinusoids. The reticulo-endothelial cells of the 
sinusoids stain better. Methyl-green-pyronine stain. XX 400. 


. 11. Right foot pad from control animal 8 days after injection of antigen. The 
interstitial exudate is well organized and replaced by sheets of small lymphocytes. 
Toluidine blue and eosin stain. 125. 


.12. Right foot pad from cortisone-treated animal 8 days after injection of 
antigen. The interstitial exudate remains without organization, and few lympho- 
cytes are present. Toluidine blue and eosin stain. X 125. 
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HEMANGIOPERICYTOMA: HISTOLOGIC AND TISSUE CULTURE 
STUDIES * 


Epwin R. FisHer, M.D., NatHAan Kaurman, M.D., and Eart J. Mason, Ph.D.* 


(From the Cleveland Clinic, the Frank E. Bunts Educational Institute, and the 
Departments of Pathology of Cleveland City Hospital and Western 
Reserve University, Cleveland, Ohio) 


In 1942 Stout and Murray’ studied nine tumors which they called 
hemangiopericytoma. These were vascular neoplasms presenting a 
histologic structure different from the glomus tumor, vascular fibro- 
sarcoma, hemangioendothelioma, and paraganglioma. Although the 
histologic appearance of the hemangiopericytoma may vary, certain 
features are diagnostic. This neoplasm contains numerous capillaries 
which often are indistinct in routine sections stained by hematoxylin 
and eosin. These vascular channels are surrounded by a connective 
tissue sheet of varying thickness. About this cuff of connective tissue 
are the tumor cells which, for the most part, are round to ovoid with 
moderately vesicular nuclei. The tumor lacks the organoid pattern of 
the glomus tumor. Reticulum stain demonstrates the vascular channels 
as well as the extraluminal position of the tumor cells. Delicate re- 
ticulum fibers may encircle individual cells although in some of these 
tumors this tendency has not been as noticeable as in glomus tumors. 
The origin of the tumor cell is believed to be the capillary pericyte de- 
scribed by Zimmermann.” This cell is related to smooth muscle cells 
but lacks myofibrils. It is probably identical with the “epithelioid” 
cell of the glomus tumor. The morphologic variations demonstrated by 
the pericyte perhaps explain the inconstant appearance of the tumor 
cells in the hemangiopericytoma. Tissue from one of these neo- 
plasms has been explanted in vitro by Murray.*® Since its growth was 
not characteristic enough to warrant the exact identification of the 
tumor cell type, the cell of origin has remained hypothetic. However, 
Murray and Stout * have grown characteristic cells from glomus tumors 
and they believe these cells to be identical with the pericytes of Zim- 
mermann. 

Recently we have had the opportunity to explant tissue from a 
hemangiopericytoma as well as to perform special histologic studies. 


Report oF CASE 


The patient was a white woman, 27 years old, who had a recurrent tumor in the 
soft tissue of the posterior aspect of the right thigh. Five years previously she had 


* This work was supported, in part, by a grant from the Damon Runyon Memorial Fund 
for Cancer Research. 
Received for publication, January 4, 1952. 
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experienced low back pain which occasionally radiated down both thighs, and at that 
time examination revealed a slight prominence of the right gluteal fold but no mass 
could be palpated in this region. Two years previously she observed a moderately 
tender mass in the posterior aspect of the thigh which was locally excised. Its loca- 
tion was distal to the gluteal fold and had reached the size of “a pound of butter” in 
the period of 2 weeks prior to excision. One and a half years following this operation 
the mass reappeared in the same location and was again excised. It was described as 
being the size of a “goose egg.”” Within 6 months following the second operation the 
mass was again noted by the patient at the site of previous excision. She was then 
referred to the Cleveland Clinic for investigation. 

On examination there was a non-tender, firm, irregular, slightly fixed mass behind 
the medial to the upper one third of the right femur in the subcutaneous tissue below 
the abductor tendons. The surrounding tissue was indurated and tender. The re- 
mainder of the examination was negative. Roentgenograms revealed an irregularly 
rounded density lying in the soft tissue of the thigh medially and posteriorly. It 
measured 5.5 by 6 cm. The bones of the leg were of normal appearance. Roentgeno- 
gram of the chest was negative. 

The tumor lay over the hamstring muscles, was not encapsulated, and was excised 
with a large portion of the semitendinosus muscle which it had invaded. The wound 
healed without complication and the patient was discharged 9 days after operation. 
Six months later the patient was found to be in good general health without any 


evidence of tumor. 
Pathologic Studies 


Gross Findings. The specimen consisted of an elliptical portion of 
skin, measuring 15 by 1 cm., and underlying soft tissue, including a 
large segment of skeletal muscle, measuring 15 by 9 by 6 cm. (Fig. 1). 
Within the soft tissue was an irregularly shaped, rather circumscribed 
but not encapsulated mass, measuring approximately 10 by 8 by 5 cm. 
The cut surface was bosselated, soft, pinkish-tan, and homogeneous, 
with irregular bands of dense white tissue of varying thickness cours- 
ing throughout its substance. The neoplastic tissue had invaded the 
muscle but not the overlying skin and did not extend to the lines of 
excision. 

Microscopic Findings. Sections of tissue fixed in Zenker’s solution 
and stained with hematoxylin and eosin and methylene blue revealed a 
neoplasm formed by aggregates of spindle shaped to round cells (Figs. 
2, 3, 4, and 5), for the most part having definite, pale-staining cyto- 
plasm. The nuclei were also round to ovoid, vesicular, and uniform. 
Mitotic figures were rather frequent but atypical forms were not evi- 
dent. Scattered throughout the cell aggregates were endothelium-lined 
spaces, some of which were not distinct. In some areas tumor cells 
appeared to be radiating about these small vessels but without an 
organoid arrangement. Connective tissue septa of varying thickness 
separated cell masses. Larger endothelium-lined spaces in these tra- 
beculae contained tumor masses within their lumina. The neoplasm 
was not encapsulated in the sections studied. However, it appeared 
to be growing en masse, pushing aside surrounding skeletal muscle. 
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Various special stains were used to study some of the properties of 
this tumor. Wilder’s reticulum stain outlined the vessel membranes 
and demonstrated the extraluminal position of the tumor cells. The 
reticulum was delicate and surrounded cell groups as well as a few 
individual cells. Cellular fibrils were not seen in sections stained with 
phosphotungstic acid hematoxylin. No intracellular fat could be dem- 
onstrated with Sudan IV and no glycogen was seen when sections were 
stained with Best’s carmine. The acid phosphatase reaction was nega- 
tive. Incubation of fresh neoplastic tissue with neutral red failed to 
reveal any granules within tumor cells. 


In Vitro Studies 


Material and Methods. The portion of tumor used for explants was 
chopped into 1 to 2 mm. fragments. Twelve fragments were planted 
using Maximow’s plasma clot, hanging drop method, and 8 were cul- 
tured in roller tubes. 

In the plasma hanging drop method the constituents of the medium 
were: one drop of human serum, one drop of chicken plasma, and one 
drop of 25 per cent embryo extract containing 50 mg. per cent NaHCO; 
and 0.003 per cent phenol red. The balanced salt solution (Hanks) 
was supplied by using it to reconstitute the chicken plasma. The cul- 
tures were washed and one drop of a mixture of fresh embryo extract 
and serum was added after 3, 7, 11, and 15 days of culture. In the 
roller tube method the clot was formed by mixing one drop of 25 per 
cent embryo extract with one drop of chicken plasma. The liquid 
supernatant was composed of ro per cent embryo extract, 40 per cent 
human serum, and 50 per cent Hanks’ solution containing 50 mg. per 
cent NaHCO, and 0.003 per cent phenol red. The supernatant liquid 
was replaced by fresh medium at 2-week intervals. In both methods 
an initial pH of 7.6 was attained by gassing with 21 per cent oxygen, 
8 per cent carbon dioxide, and 71 per cent nitrogen. 

Results. In the plasma hanging drop cultures a few fibroblasts as 
well as endothelial cells grew from the edge of the explant after 36 to 
48 hours. The endothelial cells appeared first as spikes (Fig. 6) and 
then as hollow tubes. The fibroblasts appeared singly or sparsely scat- 
tered among round cells. They were of the typical elongated, spindle- 
shaped variety. 

The numerous “round cells” which began appearing from the second 
to the seventh day were a striking feature of the growth. This cell 
type is depicted in Figures 7 and 8. The identity of these cells as a 
major portion of the original cell population was demonstrated by their 
similarity to the cells seen in thin, transparent areas in the main body 
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of the explants. The cells wandered out singly but they were often 
observed in small clumps which were sometimes adjacent to the capil- 
lary tufts. No giant cell forms were evident. The diameter of the “round 
cells” varied from approximately 15 to 20 uw. The cytoplasmic mem- 
brane of most of these cells could be seen to move although the round- 
ness of the cells did not change. The cytoplasm was granular. This 
granularity increased with age and was not noticeably altered by wash- 
ing. Fat granules were not noticed even in old cultures of 20 or 25 
days. In unfixed preparations the nuclei which were difficult to discern 
appeared round to oval, measuring approximately 7 to 10 » in diameter. 
When nucleoli could be seen, only one per cell was present. In fixed 
and stained preparations, however, the nuclei were distinct. There was 
a marked similarity between these cells and those studied in the paraf- 
fin sections. 

In addition, another cell type was identified in preparations fixed 
and stained after 10 days (Figs. 9 and 10). These cells were smaller 
than those previously described and were scattered beyond the main 
body of the explants, intermingled with small numbers of fibroblasts. 
They were discretely distributed. The cytoplasm was scant but con- 
tained extended filamentous processes which grew in three dimensions 
and thus were difficult to demonstrate in photographs. The cell nuclei 
were hyperchromatic, globular, and contained one or two nucleoli when 
these structures were present. In some respects these cells resembled 
the pericytes grown by Murray and Stout* from an infiltrating glomus 
tumor. 

The roller tube cultures were characterized by the dense growth of 
the “round cells” described in the hanging drop method. A greater 
tendency for cell clumping was noted in growths by this method, espe- 
cially in cultures 40 to 45 days old. 

In general, the tumor grew rather rapidly during the first ro days. 
The pH dropped to 6.8 and 7 after 48-hour intervals. The rate of pH 
drop slowed after several weeks, at which time the buffer was able to 
maintain pH 7.4 quite constantly. 


DIscussION 


The results of the explant studies offer evidence as to the cell type 
encountered in hemangiopericytoma. Cells resembling those described 
by Murray and Stout‘ as pericytes grown from an infiltrating glomus 
tumor were demonstrated. They were scattered singly beyond the 
main body of the explant. Their nuclei were globular and contained 
one or two nucleoli. However, the cell processes observed were coarser 
and it was more difficult to demonstrate the extensive branching de- 
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scribed by these authors. This may be due to the fact that our prepa- 
rations were stained with iron hematoxylin only and not by the intense 
silver impregnation methods. Murray and Stout stated that these 
ramose processes are often difficult to demonstrate by ordinary stain- 
ing methods. In addition actual encrustation of capillaries by these 
cells was not present. Further, the composition of the culture media 
employed in this study differed from that used by Murray and Stout 
and this could explain differences in the behavior and appearance of 
the cells. 

The small “round cells” which grew abundantly near the main ex- 
plant resembled the original tumor of the explant and showed a tend- 
ency to cluster about capillary tufts. Because of the slight granularity 
of their cytoplasm, motility, and movement of their cytoplasmic mem- 
brane the possibility that these cells represented macrophages had to 
be considered. However, no active phagocytosis or movement by 
pseudopods was observed. The contour of the cytoplasm was con- 
sistently round and, as previously mentioned, cells of this type consti- 
tuted a major portion of the tumor material, histologic sections of 
which failed to reveal macrophages. Further, the cells from fresh 
neoplastic tissue failed to be supravitally stained with neutral red. 
This cell may well represent a morphologic variant of the pericyte. 

Histologic sections of this neoplasm demonstrated numerous mitotic 
figures, more than are usually encountered in hemangiopericytoma. 
Also the presence of tumor masses within endothelium-lined spaces 
supports a diagnosis of malignant hemangiopericytoma. Although the 
patient has been followed for 6 months without recurrence, prognosis 
must be guarded since the case closely resembles that described re- 
cently by Forrester and Houston® in which widespread metastases 
resulted in death 5 years after removal of the primary growth. 


SUMMARY 


Special histologic and tissue culture studies were applied to a 
hemangiopericytoma of the thigh. The neoplasm was considered ma- 
lignant because of frequent mitotic figures and vascular invasion. 

In tissue culture studies, in addition to fibroblasts and endothelial 
cells, cells of two other types were demonstrated. Those of one type 
resembled the cells grown from a glomus tumor by Murray and Stout.‘ 
These authors described these cells as pericytes. The other cells were 
larger and round. It is conceivable that these represent a morphologic 
variant of the first type described. 

These studies present in vitro characteristics as well as other special 
histologic features of the hemangiopericytoma. 


. 
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DESCRIPTION OF PLATES 


PLATE 91 
Fic. 1. Cut surface of tumor. 


Fic. 2. Photomicrograph demonstrating perithelial arrangement of spindle and round 
cells. Hematoxylin and eosin stain. X 115. 


Fic. 3. Photomicrograph demonstrating frequent mitotic figures. Hematoxylin and 
eosin stain. X 230. 


Fic. 4. Neoplasm in endothelium-lined space. Hematoxylin and eosin stain. X 65. 
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PLATE 92 


5. Section stained by Wilder’s reticulum method demonstrating extraluminal 
position of tumor cells and distribution of reticulum. xX 70. 


6. Explant after 24 hours. Collected extensions of cells represent endothelial 
growth, unfixed. X 


7. Explant after 7 days. “Round cells” scattered among fibroblasts and also 
arourd endothelial sprouts, unfixed. X 180. 


8. ‘Round cells” and fibroblasts. Five “round cells” are present in the field and 
parts oi two fibroblasts are found at the left, unfixed. X 98o. 


g. Explant after ro days. Cells with bulging globular nuclei, scant cytoplasm, 
and filamentous processes. Formalin vapor fixation. Iron hematoxylin stain. 
X 490. 


10. Explant after 10 days. Cells with bulging globular nuclei, scant cytoplasm, 
and filamentous processes. Formalin vapor fixation. Iron hematoxylin stain. 
X 490. 
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HAMARTOMA OF THE SPLEEN 
A Report oF Four CasEs * 


Joun I. Coz, M.D., and Stantey C. Von Drasuex, M.D. 
(From the Department of Pathology, Minneapolis General Hospital, Minneapolis, Minn.) 

Benign splenic tumors composed of abnormal mixtures of normal 
splenic elements have been reported infrequently for over 100 years. 
They have been given various names, including splenadenoma, fibro- 
splenoma, nodular hyperplasia of the spleen, lymphoma of the spleen, 
splenoma and, more recently, hamartoma of the spleen. 

Only 23 cases are sufficiently well documented for comparison. 
Descriptions of the older tumors have been summarized by Mordasini,’ 
who added 6 cases of his own. Later reports by Fischer,? Sweet and 
Warren,® Kirkland and McDonald,* and Fasanotti® gave 5 additional 
examples. All were benign and most were spherical, sharply demar- 
cated, firm nodules varying from 0.8 to 23 cm. in diameter, appearing 
dark red to pinkish gray. They were solitary tumors in all but 3 cases. 
Microscopically they consisted of various normal splenic elements in 
abnormal quantitative or structural relationships, which, in the main, 
could be separated into two forms, the lymphoid and the pulposal, de- 
pending upon whether white or red pulp predominated within the 
tumor. 

Recently we observed four similar splenic nodules, the first in a 
surgical specimen and 3 in autopsy specimens. 


Case 1 


R. B., a white female, 60 years old, was brought to the hospital following a blow 
to the left upper portion of the abdomen. She was nauseated, vomiting, in shock, and 
had tenderness to deep palpation in the epigastrium. Her past medical history was 
not helpful. The hemoglobin was 15 gm. per cent on admission, but fell within a few 
hours to 11 gm. per cent. The white blood cell count was 10,800 per cmm. with 
a normal differential count. Urinalysis and chemical examinations of the blood gave 
results within normal range. 

An exploratory laparotomy revealed a ruptured spleen. This was removed and 
the patient left the hospital 2 weeks later completely recovered. 


The spleen weighed approximately 300 gm. In the midportion the 
capsule was ruptured and one end was covered by clotted blood. This 
hemorrhagic area contained a large spherical tumor 6 cm. in diameter, 
sharply demarcated from the surrounding splenic tissue. The tumor 
was soft, grayish white, and contained punctate areas of hemorrhage 
through the central portion. The line of rupture in the spleen lay im- 
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mediately adjacent to this nodule and partially dissected the tumor 
from the pulp. The remaining parenchyma appeared normal. 
Microscopically, the tumor had a relatively uniform, lymphoid ap- 
pearance. The great majority of cells were small lymphocytes. Small 
spindle-shaped cells that appeared to be fibrocytes or small reticulum 
cells were scattered diffusely among the lymphocytes. Occasional large 
reticulum cells were present. Many sinusoids, both large and small, 
coursed irregularly through the tumor and for the most part were de- 
void of cells. Erythrocytes were found in small foci scattered through 
the tissue. Special stains demonstrated a background composed of a 
loose network of fine collagen fibers. No follicles or trabeculae were 
present. The edge of the tumor was distinct but not encapsulated. The 
adjacent tissue was distorted by pressure from the tumor, the sinusoids 
and trabeculae tending to form concentric layers about the mass and 
the follicles flattened and closer together than in the remainder of the 
spleen. At a distance from the tumor there were no abnormal histo- 


logic features. 
Case 2 


W. M., a white male, 68 years of age, entered the hospital because of recurrent 
symptoms of congestive heart failure resulting from hypertensive cardiovascular 
disease. His response to therapy was poor and he gradually deteriorated until death. 
Laboratory studies, including hematologic examinations, were within normal limits 
during his numerous hospital admissions. 


The principal findings at necropsy were marked cardiac hypertrophy, 
marked coronary arteriosclerosis, and evidence of severe chronic pas- 
sive congestion in all viscera. 

The spleen was enlarged and irregularly mottled due to arterial em- 
balming. There were irregular areas of hyaline perisplenitis. The 
parenchyma was soft and for the most part dark red, showing poor 
fixation. A roughly spherical, sharply circumscribed nodule, 2 cm. in 
greatest diameter, was found in the central portion of the spleen near 
the hilus. This was of the same consistency and color as the surround- 
ing splenic tissue. 

Microscopically, the tumor was hemorrhagic and contained many 
areas of degeneration which were most marked in the central portion. 
Most of the tumor was so engorged with erythrocytes that the pattern 
was obscured, but where cellular detail was good the appearance was 
similar to red pulp. Sinusoids distended by erythrocytes were separated 
by a loose stroma which contained many cellular elements among 
which lymphocytes and plasma cells were common. There were many 
reticulum cells and monocytes or small macrophages. Scattered neu- 
trophils were noted and small foci of immature granulocytes were scat- 
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tered irregularly through all areas of the tumor. Megakaryocytes were 
prominent. No erythrogenesis could be distinguished. No trabeculae 
or lymphoid follicles were present and arteries were infrequent and 
poorly developed. Azo-carmine stains revealed a very loose, irregular, 
extremely fine network of collagen fibers. The surrounding splenic 
tissue was compressed and the follicles immediately adjacent to the 
tumor were distorted into elongated bands. The trabeculae adjacent 
were bowed-out and formed a pseudo-capsule along one edge of the 
tumor. More distally the spleen appeared normal except for conges- 
tion. There were no megakaryocytes and no evidences of myeloid 
metaplasia in the surrounding spleen. 


Case 3 


S. S., a white male, 79 years old, entered the hospital with congestive heart failure 
of several years’ duration. He did not improve with therapy and expired quietly 10 
’ days after admission. Hematologic examinations during his many admissions were 
always normal. 


The principal necropsy findings were cardiac hypertrophy with myo- 
cardial fibrosis and severe calcific coronary arteriosclerosis. All organs 
showed changes due to severe chronic passive congestion. 

The spleen weighed 600 gm. The capsule was tense and bluish pur- 
ple. The pulp was a relatively homogeneous dark red with indistinct 
follicles and trabeculae. A small, sharply circumscribed, spherical 
nodule, 9 mm. in diameter, was present 2 cm. under the capsule in the 
midportion of the spleen. This was light pink, firm, and slightly ele- 
vated above the surrounding splenic tissue when sectioned. 

Microscopically, the tumor was composed of a loose, fibrous tissue 
through which many large sinusoids coursed irregularly. These sinu- 
soids were lined by closely situated endothelial cells whose nuclei pro- 
truded prominently into the lumina. The sinusoids were devoid of all 
but occasional granulocytes and mononuclear cells. The fibrous stroma 
contained a few small aggregates of lymphocytes and plasma cells as 
well as a light, diffuse infiltration of leukocytes and mononuclear cells. 
A few small arteries with thin muscular walls were found within the 
tumor along with a single trabecula which extended in from the sur- 
rounding splenic tissue. No evidence of any capsule or lymphoid 
follicles was found within the tumor. 

The adjacent parenchyma showed compression by the tumor al- 
though this was not as marked as in the 2 cases previously described 
and was not apparent in the entire circumference of the tumor. The 
follicles were small with inconspicuous germinal centers. The tra- 
beculae were more fibrotic than normal but contained many erythro- 
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cytes, histiocytes, and varied leukocytes. A localized area of acute 
splenitis with heavy infiltrations of neutrophils was present a short 
distance from the tumor. No other areas of acute inflammation were 
noted in other sections. The penicilliary and trabecular arteries were 


very sclerotic. 
Case 4* 


J. S. was a white male, 39 years of age, who entered the hospital after 2 weeks of 
constant diarrhea, nausea, and vomiting. The stools were watery and blood tinged, 
and on admission the patient was severely dehydrated with the blood pressure at 
shock levels. Laboratory studies were all within normal range except for a moderate 
leukocytosis. He failed to respond to therapy and expired. 


The principal necropsy findings were diffuse polyposis of the rectum 
with ulceration, dehydration, and left pleural effusion. 

The spleen weighed 200 gm. The capsule was smooth. On section 
the pulp was dark red and firm. A sharply circumscribed nodule, 2 cm. 
in diameter and light gray, was found within the substance of the 
spleen. 

Microscopically, the tumor tended to fade into the surrounding 
normal parenchyma, being better seen under low power than high. In 
a few areas there was evidence of pressure effect upon the surrounding 
tissue, with the sinusoids and trabeculae tending to form concentric 
layers along the edge of the mass. Within the tumor were all elements 
of normal splenic tissue, but trabeculae and follicles were small and 
widely scattered. The sinusoids were similar to those in the adjoining 
normal spleen, being easily visualized in both locations because of their 
cell-free lumina. The trabeculae within the tumor were thicker, denser, 
more fibrotic, and contained only a few erythrocytes in contrast to the 
surrounding pulp. The free cells consisted primarily of lymphocytes 
with occasional neutrophils, plasma cells, and histiocytes. No evidence 
of myeloid metaplasia was noted. The surrounding spleen revealed no 
histologic abnormalities. 

CoMMENT 

Various ideas as to the etiology and histogenesis of these tumors 
have been advanced. Among these may be mentioned areas of organ- 
izing hemorrhages, degenerating angiomas, hyperplasia secondary to 
splenic inflammation, and accessory spleens within the spleen. After 
extensive examination of these theories, Mordasini’ believed they were 
all incorrect and that the lesion is best explained as a hamartoma—a 
term proposed by Albrecht for congenital tumor-like errors in develop- 
ment. Most subsequent writers concur. However, no convincing evi- 
dence of the congenital origin of the nodules has as yet been advanced. 


* Courtesy of Dr. Kano Ikeda. 
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The few cases reported would indicate that these tumors are ex- 
tremely uncommon. While the larger ones such as that described in 
case 1 are undoubtedly rare, similar smaller tumors could very easily 
be overlooked in routine necropsies. 

The ages at which the tumors were identified varied from 5 to 84 
years in the 26 cases reviewed and, since most were incidental post- 
mortem findings, they were found more frequently in the older age 
groups. Distribution between the sexes was equal and none was asso- 
ciated per se with any abnormal laboratory or clinical findings other 
than those due to size, rupture, or pressure on the surrounding viscera. 

_ Microscopically, they presented a variety of appearances depending 
upon which of the normal splenic elements predominated and the 4 
cases presented are representative of the varying morphologic patterns 
previously described. The uniting factor in all is their composition of 
normal splenic elements in abnormal quantitative or structural rela- 
tionship. Lubarsch® and Mordasini’ both divided such tumors into 
two main classes, the lymphoid and the pulposal, in which, respectively, 
either white pulp or red pulp is more prominent. Case 1 of our group 
would thus be classified with the lymphoid variety and cases 2, 3, and 
4 with the pulposal despite rather wide variation in the histologic 
structure of the last 3 cases. Since apparently almost any mixture can 
occur, rigid classification does not seem possible. 

None of the tumors possessed capsules. Pseudo-capsules from com- 
pressed trabeculae were noted and the regular splenic capsule partially 
surrounded some of the larger growths originating in the subcapsular 
region. This partial envelopment by the regular splenic capsule is the 
feature referred to in Kirkland and McDonald’s* summary of their 
cases rather than an independent capsule about the tumor. 

The lymphoid variety may resemble malignant lymphoma grossly 
and to a certain extent microscopically. It is important, therefore, that 
their identity is not mistaken and an incorrect prognosis given in the 
event of surgical removal. The presence of numerous sinusoids in these 
benign tumors will be of aid in the differentiation of most cases. 


SUMMARY 


This study was based on four examples of a benign splenic tumor. 
This is interpreted as due to congenital errors in development and the 
term hamartoma of the spleen is considered acceptable. Both lymphoid 
and pulposal forms were represented in the group. 
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DESCRIPTION OF PLATES 


PLATE 93 


Fic.1. Case 1. Gross specimen. The hamartoma is sharply demarcated from the 
surrounding spleen. This is accentuated by the hemorrhage which is dissecting 
the zone between the tumor and the normal parenchyma. 


Fic. 2. Case1. There is a marked compression effect adjacent to the tumor. Ab- 
sence of capsule and presence of larger sinusoids within the tumor may be noted. 
X 20. 


Fic. 3. Case1. The cellular constituents of this tumor are almost completely 
lymphoid in character. X 250. 
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PLATE 94 


Fic. 4. Case 2. This field illustrates the similarity to normal red pulp. A focus of 
myeloid metaplasia is visible in the right half of the field. X 350. 


Fic. 5. Case 3. Sinusoids are prominent. Pressure effect on normal spleen, in the 
lower half of the field, is less marked than in the preceding cases. XX 20. 


Fic. 6. Case 3. The lining cells of the sinusoids have the characteristics of littoral 
cells. The intersinusoidal tissue is more fibrotic and contains fewer free cells 
than the trabeculae in the surrounding splenic tissue. 350. 
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OXYPHIL PARATHYROID ADENOMAS * 


SHeELpon C. Sommers, M.D., and Toomas L. Younec, M.D. 


(From the Laboratory of Pathology and the Cancer Research Institute, New England 
Deaconess Hospital, Boston 15, Mass.) 


Oxyphil parathyroid adenomas have generally been regarded as in- 
cidental pathologic curiosities encountered at necropsy and without 
practical clinical or endocrinologic importance. However, numerous 
scattered reports in the literature and our observations combined would 
indicate that this is frequently not the case. 

Histologically, the parathyroid gland consists of pale and dark prin- 
cipal or chief cells, dark or transitional oxyphil cells, water-clear or 
wasserhelle cells, and pale or mature oxyphil (Welsh) cells, mingled 
with fat and blood vessels. It is the pale oxyphil cell adenoma with 
which this paper is mainly concerned. So-called transitional oxyphil 
cells are smaller, contain vacuoles, and resemble dark chief cells. They 
are frequently present in those parathyroid adenomas which usually 
produce hyperparathyroidism and which it is not the present purpose 
to discuss. 

Grossly, the oxyphil adenoma is composed of soft, solid, gray-brown 
or yellow-brown tissue, not readily distinguishable from other para- 
thyroid adenomas. Microscopically, the oxyphil cells are large, with 
abundant eosinophilic granular cytoplasm and small, regular nuclei. 
The cells have sharp borders and occur in sheets, cords, and occasion- 
ally form acini containing colloid. They contain little lipid, and the 
cytoplasmic granules take fuchsin stains. As in other parathyroid 
adenomas, mitotic figures are rare. To our knowledge, no acceptable 
oxyphil cell carcinoma of the parathyroid gland has been reported. 

Including the first case as reported by Erdheim’ (1903), a total of 
25 cases of oxyphil adenoma have been recorded (Table I).*** For 6 
of the earlier cases the microscopic descriptions were incomplete and 
these are susceptible to other interpretations, but from the illustrations 
and text are considered acceptable oxyphil growths. 

Six new cases of oxyphil adenoma have been added, including 3 ob- 


served at necropsy. C 
ase I 


__ F.F. (mo. 132190) was a Jewish woman who had had 14 hospital admissions and 
had died at the age of 63 years. At 21 years of age, having borne 2 children, she had 
puerperal fever, and at 23 years, bilateral ectopic tubal pregnancies. Kidney gravel 


* This investigation was supported by a research grant from the National Cancer Insti- 
tute of the National Institutes of Health, Public Health Service. 
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calculi 


Serum calcium, 10.2 mg.%; phosphorus, 4.2 mg.% 
Died of cardiac failure; phosphorus, 3.8 mg.% 


Ruptured cerebral aneurysm, hypertension, renal 


Serum calcium, 12.3 mg.% 


Uterine fibroids, meningioma, adrenal cortical 
adenomas 
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was found when she was 30 years old. 
Eight years later a colloid goiter with 
multiple nodules and secondary hyper- 
plasia was removed surgically. One 
year later hysterectomy and salpingo- 
oophorectomy were performed for 
adenomatous endometrial hyperplasia, 
adenomyosis, and leiomyoma. The ova- 
rian cortical stroma showed marked 
hyperplasia and thecomatosis. There 
was postoperative hemorrhage. Pneu- 
monia occurred at 47 years of age. 
The next year for the first time she 
developed hypertension of 170 to 
190/88 mm. of Hg, and weight had 
increased from 145 to 165 lbs. Dia- 
betes mellitus was diagnosed, requir- 
ing 18 units of insulin daily, but this 
the patient used erratically. At 57 


serum calcium, 10.6 to 13.8 mg.%; 


phosphorus, 3.9 to 6.3 mg.7% 


Hypertension, rheumatoid arthritis, nephritis; 
Died of renal insufficiency, renal calculi 


years of age she survived perforating 
appendicitis with retrocecal abscess. 
Pyelitis was treated 3 years later. At 
age 62, a sigmoid cancer was resected 


with a low rectal anastomosis, because 
the patient refused abdominoperineal 
resection. Adenocarcinoma with blood 
vessel invasion and metastases to two 


LL 
R 


0.22 X0.1 Cm. 


3.5 cm. 


2.5X1.5 cm. 


of nine lymph nodes was diagnosed 
pathologically. The tumor recurred 
locally in 14 months and an abdomino- 
perineal operation was performed, but 
the patient died the next day of ate- 
lectasis. 


2.2X1.9 cm. 


3X3X1.3 cm. 


At necropsy, hypertensive 


46 


46 


23 
55 


heart disease, arteriolar nephro- 
sclerosis, multiple mucosal pol- 
yps and submucous lipoma of 


9 
66 


the remaining colon, mesenteric 
lipoma, focal chronic pancrea- 
titis, old cystic softening of the 


Chown!® (1937) 


McQuillan (1938) 


Cope!® (1944) 


Norris!6 (1946) 


Willis!” (1948) 


right basal ganglia, and cranial 
thickening consistent with old 
inactive Paget’s disease were 
diagnosed. 

Four parathyroid glands were 
isolated; they were not enlarged 
grossly, measuring from 0.2 to 
0.5 cm. in greatest diameter. 


right lower; RU == right upper. 


left; LL = left lower; LU = left upper. 


right; RL 


(1950) 
(1950) 
R= 
L= 


Black and Ackerman!® 
Black and Ackerman!® 
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One gland contained two sharply demarcated adenomatous nodules of 
oxyphil cells (Fig. 1), a cyst with colloid, and less well delimited areas 
of oxyphil cells. The other three parathyroid glands were within normal 
limits. 

Microscopically, the pituitary body contained an eosinophilic ade- 
noma measuring 0.7 by 0.5 cm. 


Case 2 


E. L. D. (no. 51A34) was 76 years old at death. A woman of Italian descent, she 
had had six successful pregnancies, and was first seen at age 70 because of 15 years 
of post-menopausal bleeding. She weighed 160 Ibs., and had hypertension of 220 
mm. of Hg systolic, with cardiac enlargement. On three occasions over the next 3 
years specimens of endometrium taken for biopsy showed hyperplasia. There was 
estrogen effect apparent by vaginal smear and skin examination, but the source could 
not be found. The patient continued to have vaginal bleeding until her death from 
heart failure. 

At necropsy, facial hirsutism was present. There were thrombi in 
the pulmonary arteries with pulmonary infarcts. A carcinoma simplex 
of the left adrenal cortex had metastasized to lymph nodes, right 
kidney, diaphragm, liver, and lungs. The endometrium showed 
adenomatous hyperplasia with foci of secretory activity, indicating 
endogenous production of both estrogen and progesterone, and there 
was cortical stromal hyperplasia of the ovaries. Cholelithiasis and 
arteriolar nephrosclerosis were found also. The head was not exam- 
ined. 

Three parathyroid glands were isolated. All were hyperplastic. In 
the largest gland there was a sharply encapsulated mass composed 
mainly of oxyphil cells, with a few included chief cells (Fig. 2). Foci 
of oxyphils were present in the other glands. 


Case 3 


E. V. H. (no. 36A12) was 68 years of age at death. A Canadian-born mother of 
2 children, when 44 years old she had had a gastroenterostomy performed elsewhere 
for a large gastric ulcer eroding into the pancreas. At 57 years of age, appendectomy 
and removal of infarcted omentum were necessary. Two years before death a sore 
inside the left cheek was biopsied, with the diagnosis of epidermoid carcinoma grade 
II. The Hinton test was negative and blood pressure was 120/70 mm. of Hg. Many 
x-ray treatments were administered without arresting the extension of cancer to the 
maxilla and hard palate, with involvement of the tongue and death from terminal 
bronchopneumonia. 


At necropsy, a mucinous adenocarcinoma was found in a 1.4 cm. 
gastric polyp, and there was also a 5 mm. pyloric peptic ulcer. Ovarian 
stroma showed cortical hyperplasia and granuloma formation. In the 
atrophic thyroid gland a 0.2 cm. oxyphil adenoma was present, com- 
pressing uninvolved parathyroid tissue composed of chief cells 
(Fig. 3). 
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Case 4 


E. M. (no. 62214) was a woman of Irish extraction who had borne 3 children. At 
33 years of age menopause was induced by radium in the treatment of an epidermoid 
carcinoma of the cervix. When she was 37 years old, removal of bladder stones was 
performed, and ro years later an anomalous vessel to the right kidney producing 
hydronephrosis was cut. Because of a positive Hinton test, antiluetic therapy was 
administered for 2 years at 38 years of age. When she was 49 years old abdominal 
pain and gastro-intestinal roentgenograms led to a diagnosis of duodenal ulcer, which 
was treated by milk, cream, and amphojel for 2 years. At 51 years of age, roentgeno- 
grams showed increased density of the skull with mottled and punched out areas, 
fuzziness of the vertebrae, and coarse trabeculation of the innominate bones. Diag- 
nosis was difficult, but repeated chemical examinations of the blood revealed serum 
calcium, 12.5 to 13.0 mg. per cent; phosphate, 2.0 to 5.0 mg. per cent; alkaline phos- 
phatase, 15.8 to 16.9 Bodansky units; and Sulkowitch test, 3 plus. After 6 months, 
further roentgenograms showed cystic changes in the long bones, considered indica- 
tive of hyperparathyroidism and possibly also of Paget’s disease. The urine con- 
tained Bence Jones protein, but marrow puncture showed only hyperplasia. 

Operation at 52 years of age resulted in the removal of a right lower parathyroid 
adenoma, 3.5 by 2 by 1.5 cm., and 25 gm. of colloid goiter with multiple nodules. 
Postoperative roentgenograms showed increased bone density, confirming pre-exist- 
ing hyperparathyroidism. After operation the patient suffered from hypertension of 
180/110 mm. of Hg and synovitis. Six years postoperatively, at 58 years of age, she 
died of progressive bulbar muscular atrophy. 


Microscopically, the parathyroid tumor was composed chiefly of 
interdigitating cords of large oxyphil cells, which made up 80 per cent 
of the gland (Fig. 4). Necropsy elsewhere showed in addition to 
muscular atrophy, cardiac hypertrophy and dilatation of hypertensive 
type, pulmonary congestion and edema, fibrous pleuritis, moderate 
hydronephrosis, a 1.5 cm. cortical adenoma of the right adrenal gland, 
and radiation damage to the cervix and bladder with ulcerative cystitis. 


Case 5 


M. A. (no. 104582) was 31 years old and mother of one child. She had had an 
x-ray diagnosis of a cyst of the mandible 1 year previously, and 5 months previously 
three more cysts had developed in the jaw and one in the pubic bone. Calcium 
stones were found in the kidneys. An operation was performed at this time in another 
hospital without discovery of a parathyroid tumor. Chemical findings later included 
serum calcium, 14.5 per cent; phosphorus, 3.9 mg. per cent; alkaline phosphatase, 
4.8 Bodansky units; Sulkowitch test, 2 plus. Roentgenograms showed bone changes 
typical of hyperparathyroidism and tiny renal calculi. At the second operation a 
tumor 2 by 2 by 0.9 cm. was removed from the lower right area of the neck. 


Microscopically, the tumor had a thick fibrous capsule with delicate 
trabeculae and was composed in part of solid areas of oxyphil cells and 
elsewhere of mixed oxyphils and dark chief cells (Fig. 5) 


Case 6 


L. B. O. (no. 128085) was a woman who had had three pregnancies and two suc- 
cessful deliveries. When she was 59 years old she had been seen because of excessive 
vaginal bleeding for 2 years, previous to which she claimed normal menses. She 
weighed 202 lbs. and had hypertension of 210/100 mm. of Hg. By biopsy, a patho- 
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logic diagnosis of epidermoid carcinoma of the cervix was made. Successful radiation 
therapy was given. At 67 years of age a cyst of the right kidney was removed. At 
69 years she developed diabetes mellitus. One year later she was seen with a basal 
metabolic rate of plus 24, a nodular thyroid gland, auricular fibrillation, and loss of 
weight to 149 lbs. At operation a colloid goiter with multiple nodules was removed. 
Posterior to the right thyroid lobe was a soft, yellow-brown, 0.9 cm. nodule; coin- 
cidentally with its manipulation the systolic blood pressure dropped from 170 to 70. 
The nodule was removed, and proved microscopically to be an oxyphil parathyroid 
adenoma with admixture of dark chief cells (Fig. 6). A normal parathyroid gland 
also was identified. 


Of the 6 cases reported, all were in married women with children. 
Five were over 50 years of age. Two had evident hyperparathyroid- 
ism, 2 possibly Paget’s osteitis deformans, 2 diabetes mellitus, and 5 
had malignant neoplasms—carcinoma of cervix (2), sigmoid colon, 
adrenal cortex, mouth, and stomach—one with multiple primary can- 
cers. Of the 4 cases without manifest parathyroid hyperfunction, one 
had kidney stones. Nodular goiters were present in 3, with secondary 
hyperplasia in 2. Endometrial hyperplasia was present in 2 patients. 
Hypertension was found in 4. 

The frequent combinations of physiopathologic changes of a para- 
thyroid gland, thyroid gland, pancreas, and uterus suggest a poly- 
glandular syndrome and make one suspect pituitary dysfunction. 
Studies by others of acromegaly, Cushing’s syndrome, and other hyper- 
pituitary states already have shown a surprising incidence of parathy- 
roid hyperplasia and adenoma formation (Table II). Additional 
cases***® have been collected which, on anamnestic and morphologic 
grounds, have been thought to indicate that parathyroid hyperplasia 
or adenomas may form part of a polyhormonal pituitary disorder, 
particularly in women. Our material would support this thesis. 

It has been asserted on good authority that oxyphil adenomas are 
non-functioning and do not produce hyperparathyroidism.**° Yet 6 
cases reported previously and 2 presented here have had osteitis fibrosa 
cystica, kidney stones, elevated serum calcium, or a combination of 
these abnormalities usual in parathyroid hyperfunction. It would ap- 
pear sound to conclude that while not the most common source of 
hyperparathyroidism, oxyphil adenomas can exhibit hyperfunction. 
Assumption of the existence of a small, hidden, active chief cell or 
water-clear cell adenoma seems unjustified. However, in agreement 
with the belief that the oxyphil is an involuted cell form,*® it may be 
that its adenomas are relatively quiescent or “burned out” when re- 
moved and examined. 

For comparison, 28 adenomas of more common parathyroid types 
were re-examined microscopically. Of these, 25 were mainly of chief 
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cell type, and 3 of water-clear cells. No oxyphils were identified in 13, 
rare scattered oxyphils in 11, and from a few to moderate numbers in 
4 adenomas. 

One unusual tumor of the parathyroid region was found in a man, 57 
years old, suffering from slight difficulty in swallowing and desire to 
clear his throat. At operation 110 gm. of colloid goiter with multiple 
nodules was removed. A mass 1.5 cm. in diameter was resected 
from the right lower thyroid pole, and considered to be a parathyroid 
adenoma. A normal parathyroid gland was removed also. On the day 
of operation serum calcium was 9.2 mg. per cent; phosphorus, 4.1 mg. 
per cent; and phosphatase, 3.8 Bodansky units. There was slight 
postoperative tetany, with calcium falling to 5.6 mg. per cent. Micro- 
scopically, the 1.5 cm. nodule proved to be a granular cell myoblas- 
toma (Fig. 7). 

Myoblastoma cells differ from parathyroid oxyphil cells in their 
irregular shapes and larger size. Prominent eosinophilic cytoplasmic 
granules of the myoblast cells are characteristic. Adjoining cells have 
the cross striations characteristic of voluntary muscle. Eosinophilic 
cells occur also in other cervical neoplasms, particularly in carotid body 
tumors and Hiirthle cell adenomas of the thyroid gland. Microscopi- 
cally the pattern of the carotid body tumor is vascular and gloman- 
gioid, accentuated by silver stains. The perivascular pink cells are 
quite irregular in size and shape, with clear nuclei, prominent nucleoli, 
and little resemblance to epithelium. Hiirthle cell adenomas are mostly 
sharply encapsulated, relatively large intrathyroid tumors. Histologi- 
cally the Hiirthle adenoma pattern is relatively organoid or acinar, 
contrasting with the pavement-like polygonal parathyroid oxyphil 
cells. Hiirthle cells are larger with more prominent vesicular nuclei. 
Colloid is more easily found in Hiirthle cell tumors, and scanty in 
parathyroid adenomas. 

DISCUSSION 

One objective of this presentation has been to indicate that oxyphil 
parathyroid adenomas may occur with hyperparathyroidism. Other 
such tumors had no evident function, although some gave hints of 
antecedent activity by slight hypercalcemia or kidney stones. They 
occurred predominantly in women (20 of the 25 cases in which the sex 
was stated). All but 5 patients were over 45 years old. Because of 
their relatively small size, oxyphil adenomas are not often discovered 
except by careful surgical or post-mortem exploration, but are prob- 
ably not rare. 

Based upon our experience, we believe that persons with oxyphil 
parathyroid adenomas frequently show indications of more generalized 
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metabolic disturbances. Pregnancy has been claimed as a condition in 
which pituitary activity favors initiation of parathyroid hyperfunc- 
tion.** Peptic ulcers, now regarded by some as by-products of pitui- 
tary adrenocorticotropin overproduction following stress, also were 
seen in our cases and are occasional precursors of other types of para- 
thyroid disease. In so-called primary parathyroid hyperplasia, clinical 
and metabolic studies have indicated possible participation of pituitary 
hormones.*? Parathyroid hyperplasia and adenoma formation sec- 
ondary to anterior pituitary stimulation have been tabulated in the 
attested cases of acromegaly and Cushing’s disease. Other less clear- 
cut hyperpituitary states, including some cases of Morgagni-Stewart- 
Morel syndrome,” also have shown evidence of hyperparathyroid 
function. 

Since acrorhegaly, Cushing’s pituitary basophilism, and less specific 
anterior lobe hyperplasias are all implicated, the cellular source of the 
stimulus cannot be identified accurately.*® However, the cases collected 
indicate human pituitary-parathyroid gland relationships more inti- 
mate and important than those suggested by animal experiments.” 

The 6 new cases reported had no characteristic clinical endocrine 
stigmata, but rather a variety of diseases and hyperplastic states such 
as diabetes mellitus, endometrial hyperplasia, ovarian cortical stromal 
hyperplasia, adrenal cortical adenoma or carcinoma, hypertension, and 
nodular goiters with hyperthyroidism. Various workers have consid- 
ered anterior pituitary stimuli important in the development of each 
of these conditions. 

As has been repeatedly pointed out, no satisfactory criteria are 
available to distinguish with certainty between adenoma and localized 
hyperplasia of the parathyroid gland. Suggestive indications of a be- 
nign neoplasm include the localized homogeneous character of growth 
and giant cells of tumor type. Nodular hyperplasia has qualities merg- 
ing with adenoma in the parathyroid gland as in adrenal and pituitary 
glands. This may indicate that in these tissues such morphologic dis- 
tinctions are of only secondary importance. 

If one accepts the tenet that all parathyroid cells are of a single 
type, with different appearances in varying functional states, oxyphil 
cells seem most comparable to involuted forms,*° such as Hiirthle cells 
of the thyroid gland and onkocytes of salivary glands. Oxyphil ade- 
nomas in general are removed in a condition of waning or spent func- 
tion. They are considered to connote likelihood of past or present 
hyperparathyroidism, and to be morphologic evidence of anterior 
pituitary hyperactivity of varying type, degree, and duration. Besides 
the production of parathyroid adenomas, pituitary stimuli appear to 
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have initiated concurrent pathologic changes in various other suscep- 
tible tissues. Other etiologic factors of major importance doubtless 
exist in some parathyroid adenomas, and in the absence of a better 
understanding of the hormones involved, the suspected causes and 
effects remain unproved. 
SUMMARY 

Six cases of parathyroid oxyphil adenoma are reported, in addition 
to 25 collected from the literature. Eight patients had osteitis fibrosa 
cystica and evident hyperparathyroidism. Usually oxyphil adenomas 
appear to be a less active, involuted type of parathyroid growth. Evi- 
dence collected from the cases presented and the literature shows that 
anterior pituitary hyperfunction may contribute to parathyroid hyper- 
plasia or adenoma formation. Some parathyroid adenomas occur as 
part of a polyglandular endocrine syndrome. Human pituitary-para- 
thyroid gland relationships appear to warrant an increased emphasis. 
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PLATE 95 


Fic. 1. Case 1. Two adenomatous oxyphil parathyroid nodules. Aside from one 
small cyst, the parathyroid glands were otherwise normal. Hematoxylin and 
eosin stain. X 50. 


Fic. 2. Case 2. Portion of a solid encapsulated oxyphil adenoma of the parathyroid 
gland. Hematoxylin and eosin stain. X 150. 


Fic. 3. Case 3. Intrathyroid parathyroid oxyphil adenoma. Hematoxylin and eosin 
stain. X 50. 


Fic. 4. Case 4. Characteristic interwoven cords of large cells with granular eosino- 
philic cytoplasm, from an oxyphil parathyroid adenoma. Eosin and methylene 
blue stain. X 300. 
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PLATE 96 


Fic. 5. Case 5. Solid oxyphil adenoma of the parathyroid gland. Eosin and methy- 
lene blue stain. X 300. 


Fic. 6. Case6. A part of the parathyroid adenoma demonstrating intermingled 
oxyphil and chief cells. No clinical hyperparathyroidism was observed. Hema- 
toxylin and eosin stain. 300. 


Fic. 7. Part of the granular cell myoblastoma removed from the parathyroid region. 
Cytoplasmic granularity and suggestive striations are present. Cells are much 
larger than parathyroid oxyphil cells. Hematoxylin and eosin stain. X 300. 
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CLEAR CELL MYO-EPITHELIOMA OF THE SKIN 


REporT OF TEN CASEs * 


Wa tter F. Lever, M.D., and Benjamin CastLteman, M.D. 


(From the Departments of Dermatology and Pathology, Harvard Medical School and 
Massachusetts General Hospital, Boston, Mass.) 


This communication describes the histologic features of a benign 
cutaneous tumor of which 10 specimens have been observed at the 
Massachusetts General Hospital in the past 20 years. In spite of its 
distinct histologic appearance, characterized by the presence of numer- 
ous clear epithelial cells, reports about this tumor are rare. 

Liu* reported 4 tumors which he called clear cell papillary carci- 
noma, although no metastases were observed. They were composed of 
clear cuboidal-shaped epithelial cells arranged in a papillary manner. 
Abundant amounts of glycogen were demonstrated with Best’s car- 
mine stain in both the clear and non-clear cells. Liu thought that the 
tumor was derived from hair follicles and represented a variety of> 
basal cell carcinoma. Stout and Cooley? described a tumor character- 
ized by “the formation of squamous epithelial cells of a specialized 
type with clear swollen cytoplasm” and interpreted it as a papillary 
cystadenoma of sweat glands. They believed that it was not a true 
carcinoma and called it sweat gland epithelioma with clear cells. 

Our studies have not led to a definite conclusion as to the histo- 
genesis of this tumor, but the evidence points to a myo-epithelial sweat 
gland tumor. 
CLINICAL DATA 

The ro tumors were all solitary, had been present from 1 to 5 years, 
and were located on the scalp, neck, arms, legs, pubic region, and 
vulva. The patients varied in age from 14 to 65 years; 2 were male; 
8, female. 

The clinical appearance of the lesion was that of a solid nodule, 
although in one patient the tumor felt cystic. Except for 3 cases in 
which the tumor discharged serous material, the epidermis, overlying 
the tumor was intact. In 2 patients the lesion had a bluish color so 
that a clinical diagnosis of pigmented nevus had been made in one. 

None of the tumors had given rise to metastases and no instance of 
recurrence after excision was recorded. 


Histotocic DESCRIPTION 


In all ro patients the tumor was located in the corium fairly close 
to the epidermis and was composed of irregularly shaped and variously 


* Received for publication, February 29, 1952. 
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sized lobular masses of epithelial cells (Fig. 1). Some of the lobules 
lay closely packed, while others were separated by strands of fibrous 
tissue. Although in general well demarcated, none of the tumors was 
encapsulated and most of them showed small outlying lobules of neo- 
plastic tissue. In 7 tumors no connections of the epithelial masses with 
the surface epidermis were noted; in 2 the tumor masses had reached 
the epidermis which, in turn, showed irregular hyperplasia and down- 
ward growth; and in one the tumor masses had largely replaced the 
epidermis overlying the tumor. 

All tumors showed epithelial cells of at least two types (Figs. 2 and 
5): an elongated, often fusiform cell with basophilic cytoplasm and a 
large, deeply basophilic, elongated nucleus similar to the myo-epithe- 
lial cells seen in myo-epithelioma; and a round or cuboidal cell with a 
distinct cellular membrane, very clear cytoplasm, and a round nucleus. 
The latter cells, the presence of which gives the tumor its character- 
istic appearance, seemed to develop from the myo-epithelial cells. Due 
to the fact that the clear cells had a greater amount of cytoplasm than 
the basophilic cells, the nuclei of the clear cells lay farther apart and 
in thin sections some of the clear cells showed no nucleus at all. Of the 
3 cases that were examined for glycogen (Hotchkiss reaction*), 2 
showed large amounts and one a small amount of glycogen in the clear 
cells (Figs. 6 and 7). 

Additional findings in some of the tumors were the presence of 
horny cells, glandular structures, and cysts. In 5 tumors typical squa- 
mous cells, with distinct intercellular bridges and areas of cornification, 
were seen (Figs. 3 and 4). Cornification manifested itself either as 
true horny pearls or as sheets of cornified material. 

In 6 tumors distinct tubular lumina lined by glandular epithelium 
were present. The cells of the glandular epithelium showed in several 
instances active secretion of the type referred to as decapitation secre- 
tion by Schiefferdecker* and regarded as typical of apocrine sweat 
glands. The glandular lumina were generally small (Fig. 8), but in 2 
tumors fairly large, branching lumina were observed (Fig. 9). 

Whereas clinically only one tumor gave the impression of being 
cystic, gross examination of the specimen revealed cysts large enough 
to be visible with the naked eye in all but one case. These cysts were 
the result of disintegration of tumor cells. In several cases large 
lobules had undergone almost complete cystic degeneration leaving 
only a thin wall of degenerating epithelial cells. In 2 cases some of 
these cells showed mucoid degeneration (Fig. 10). Smaller cysts were, 
in some instances, densely filled with degenerated clear cells which 
had lost their nuclei (Fig. 11). 


CLEAR CELL MYO-EPITHELIOMA 693 


DIscussion 


The histogenesis of these tumors poses a difficult question. The 
presence of tubular gland lumina in some of these tumors suggests an 
origin from sweat glands, probably apocrine sweat glands because of 
the presence of active secretion. The elongated basophilic cells cer- 
tainly resemble myo-epithelial cells and, since myo-epitheliomas are 
characterized by the presence of tubular lumina embedded in masses 
of irregularly proliferating myo-epithelial cells,®* it seems likely that 
the tumor is a myo-epithelioma. The absence of tubular lumina in 
some of the tumors would not militate against this concept of origin 
since the important cell is the myo-epithelial cell. 

Although none of the cases of myo-epithelioma described in the 
literature have shown clear cells, cyst formation, or cornification, it is 
believed that these merely represent minor, though conspicuous, vari- 
ations. As to the presence of clear cells, cells in other tumors and 
organs may also show extreme vacuolization of their cytoplasm. For 
example, squamous cell carcinoma of the cervix may become so vacuo- 
lated that it simulates a hypernephroma. The parathyroid chief cell, 
especially when filled with glycogen, becomes very clear and is then 
referred to as a water-clear cell. The formation of cystic cavities and 
the mucoid changes in some of the epithelial cells represent only a 
degeneration such as occurs in many types of tumors. The presence 
of squamous and horny cells is admittedly unusual in tumors of 
glandular origin. Stout and Cooley,? considering the tumor a sweat 
gland epithelioma, explained the presence of keratinization in these 
tumors as “epidermoid metaplasia.” On the other hand, Liu’ regarded 
the presence of cornification as an attempt at hair shaft formation in 
conformity with his idea that the tumors are derived from hair follicles. 
Perhaps this decision was facilitated for him by the fact that none of 
his 4 tumors contained tubular lumina. 

An interesting aspect is the presence of glycogen in some of the clear 
cells of the tumor. Since in the normal skin the outer hair sheath is 
the only structure which contains a significant amount of glycogen,”* 
the presence of glycogen in the clear cells of the tumor was the main 
reason why Liu’ believed these tumors were derived from the outer 
hair sheath cells. On the other hand, glycogen is commonly found in 
young cells, and therefore it would be hazardous to attribute too much 
significance to its presence in the tumor cells. 


SUMMARY 


Ten examples of a benign cutaneous tumor presented a distinct 
histologic appearance characterized by lobules composed of epithelial 
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cells of at least two types: myo-epithelial cells and glycogen-containing 
clear cells. In addition, some tumors contained squamous and horny 
cells, tubular lumina lined by glandular cells, and cysts. The histo- 
genesis is still obscure. It is probable that this tumor represents a 
variation of myo-epithelioma. 
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PLATE 97 


Fic. 1. Low magnification reveals the lobular architecture of the tumor. On the left 
is part of a large cyst. X go. 


Fic. 2. Higher magnification shows the two types of cells: (1) elongated basophilic 
myo-epithelial cells and (2) clear cells. X 180. 


Fic. 3. Three horny pearls are present in the area illustrated. X 200. 


Fic. 4. An area of cornification is surrounded by squamous cells. X 400. 
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PLATE 98 


Fic. 5. A still higher magnification than in Figure 2 shows the vacuolar character of 
the clear cells. 400. 


Fic. 6. The clear cells of the tumor contain considerable amounts of glycogen as 
shown by a strongly positive Hotchkiss* reaction before exposure of the section 
to saliva. X 400. 


Fic. 7. After exposure of the section to saliva the reaction is negative. X 400. 


696 


: 


8 
> 
5 
2 


Clear Cell Myo-epithelioma 


Lever and Castleman 


= 
697 


PLATE 99 


Fic. 8. There are several small tubular lumina lined by actively secreting cells. The 
secretory activity suggests that they are apocrine gland lumina. X 200. 


Fic. 9. Several small lumina and one large lumen are present in this field. X 200. 


Fic. 10. There is beginning cyst formation due to degeneration of tumor cells. Some 
of the cells show mucoid degeneration. > 400. 


Fic. rr. A small cyst is filled with degenerated, anuclear, clear cells. X 200. 
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ANOMALIES OF MAJOR CEREBRAL ARTERIES ASSOCIATED WITH 
CONGENITAL MALFORMATIONS OF THE BRAIN 


WITH SPECIAL REFERENCE TO THE PATHOGENESIS OF ANENCEPHALY * 


F. STEPHEN VocEL, M.D., and Joun L. McCrenanan, M.D.+ 


(From the Departments of Pathology and Radiology of the New York Hospital-Cornell 
Medical Center, New York, N.Y.) 


Congenital anomalies of the central nervous system, including 
anencephaly, can be induced readily by means of anoxia,’ irradiation 
with x-rays,® and by alterations in the thermal,*> osmotic, or ionic 
environment of the developing embryo.’* Furthermore, the nature of 
the induced malformation seems to depend more upon the stage of 
embryonic development at the time of the experiment than it does 
upon the means by which the injury is induced. These facts have sug- 
gested to Stockard and others** that the experimental anomalies prob- 
ably result from an interference with fetal metabolism, with arrest or 
retardation of embryonic development in the areas of greatest meta- 
bolic activity. 

To learn more about the pathogenesis of congenital malformations 
of the brain in human beings, detailed post-mortem examinations were 
performed on 14 anencephalic monsters. In light of the previous ex- 
perimental findings and in view of the dependence of embryonic de- 
velopment upon an adequate supply of oxygen, particular attention 
was paid to the cerebral arterial system, and an original injection 
technic was devised for a more accurate study of the cerebral blood 
vessels. In addition, alterations were induced in the brains of develop- 
ing chick embryos by occluding one or another of the major cerebral 
arteries, and these were studied in relation to the naturally occurring 
congenital anomalies of the brain. 


SUMMARY OF Post-MorTEM FINDINGS IN FOURTEEN 
CasEs OF ANENCEPHALY 


The cerebral malformations were characteristic in all 14 cases of 
anencephaly. The forebrain was regularly involved, while the mid- 
brain, medulla, cerebellum, and cervical region of the spinal cord were 
spared or involved to a lesser degree, the findings conforming to those 


* This investigation was supported by a research grant from the National Institute of 
Neurological Diseases and Blindness of the National Institutes of Health, Public Health 
Service. 

Presented at the Forty-eighth Annual Meeting of the American Association of 
Pathologists and Bacteriologists, Cleveland, April 26, 1951. 
Received for publication, February 1, 1952. 
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previously described by others.°’ The calvarium was partially or 
totally absent in each case. and the cerebrum was replaced by an 
irregular mass of hemorrhagic fibroglial tissue within which were occa- 
sional groups of poorly differentiated nerve cells and a number of 
cysts, often lined by ependyma and sometimes containing choroid. 
Everywhere in the fibroglial tissues there were numerous engorged, 
thin-walled blood vessels that varied markedly in size and shape. 
Histologic studies, to be described in detail later, disclosed that these 
vessels had but little muscular tissue within their media and therefore 
more closely resembled veins than arteries. Leukocytes were found in 
the cerebral tissues only in regions adjacent to areas of superficial 
ulceration. 

Elsewhere the central and peripheral nervous systems showed no 
constant abnormalities on macroscopic and microscopic examination. 
Cranial nerve ganglia were regularly present in the base of the skull 
and from them nerve trunks extended in either direction, ending 
cephalad within the dense mesenchymal tissue. The ganglion cells 
were well formed, while the cranial nerves were composed principally 
of sheath cells, although in their peripheral portions they contained 
nerve fibers as well. The spinal cords did not differ appreciably from 
the normal, either in size, in number and distribution of nerve cells, or 
in quantity of white matter. The dorsal root ganglia were regularly 
present and the ganglion cells here were normal in appearance, as were 
those in the celiac and visceral plexuses of the small and large intestine 
and about the adrenal glands. The thoracolumbar sympathetic chains 
were readily identified grossly, and the ganglion cells appeared normal 
in histologic sections. 

Two eyes were present in each of the 14 cases. They were normal 
in size and gross appearance, although proptosed because of shallow- 
ness of the orbits. Within them, the structures derived from facial 
ectoderm, namely, the lens and cornea, appeared normal in histologic 
preparations. The retina, a derivative of the diencephalon, was regu- 
larly formed of well defined rods and cones, an outer and inner nuclear 
layer, a ganglion cell layer with fewer than normal nerve cells, and a 
fiber layer of varied thickness that contained a few fibers as well as 
glial cells. A short segment of optic nerve frequently was present, 
extending posteriorly from the orbit to the region of the optic fora- 
men. Within this, the glial and septal connective tissue predominated 
but nerve fibers were present also. 

The anterior lobe of the pituitary body, unaccompanied by a poste- 
rior lobe, was identified at the base of the skull in the 4 cases in which 
this region was studied by serial section; this finding is in agreement 
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with the observations of others.*® Marked adrenal hypoplasia was 
present regularly, while such features as harelip, cleft palate, spina 
bifida, hyperplasia of the thymus, hydronephrosis and hydroureter, 
and abnormalities of major visceral arteries were present also in some 
cases. These findings and other data relative to the 14 cases are sum- 
marized in Table I. 


ANOMALIES OF Major CEREBRAL ARTERIES IN FIvE CASES OF 
ANENCEPHALY AS DEMONSTRATED BY A FUSIBLE-METAL 
INJECTION TECHNIC 


To study more accurately the blood supply of anomalous brains, a 
new technic was devised whereby the vessels are injected with a fusible 
metal; this hardens upon cooling and can be studied in situ by means 
of radiography or by examination of the casting which remains after 
digestion of the tissues with alkali. 

The materials and methods in this study have been described in de- 
tail elsewhere.’® In brief, they consist of the intra-arterialeinjection 
of cerrolow 117,* a eutectic alloy of bismuth, lead, indium, tin, and 
cadmium with a melting point of 117° F. Before injection, the cerebral 
vascular bed is perfused thoroughly with kerosene through a large 
cannula inserted in the thoracic aorta. The cadaver is then heated in 
a water bath at a temperature of 120° F. and the perfusion continued 
with warm kerosene. The warmed metal is then injected at a main- 
tained pressure of 150 to 180 mm. of Hg; the cerebral arteries are 
thus filled with fused metal, which hardens when cooled. Because of 
its unusual density, the metal serves as an excellent contrast medium 
for stereoscopic x-ray studies; furthermore, the soft tissues can be 
dissolved away readily with a 20 per cent solution of potassium hy- 
droxide, leaving rigid metallic castings of the arterial system. 

The technic has been employed in a study of 5 cases of anencephaly 
with the following results. 
Case 10 

In case 10 the cephalic malformation was characterized by an ab- 
sence of the left half of the calvarium and replacement of the left 
cerebral hemisphere by a soft cystic mass of hemorrhagic tissue. A 
large cleft extended from the left lateral margin of the mouth to the 
left orbit and the left eye was displaced deep within it (Figs. 1 and 2). 
In addition, a median cleft was present in the upper lip. Figure 3 
shows the metallic casting of the vascular system in this case. Two 
medium-sized carotid arteries can be seen, their bifurcations forming 
internal and external carotid vessels. The right internal carotid artery 

* Cerro de Pasco Copper Co., New York, N.Y. 
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penetrated the base of the skull and was joined by a posterior commu- 
nicating branch with the basilar artery, thus forming one half of a 
circle of Willis. A single slender artery arose from the point of union 
of the right internal carotid and posterior communicating arteries and 
extended through the right cerebral hemisphere in a course resembling 
that of the normal middle cerebral artery. The left internal carotid 
artery, in contrast to the right, did not unite with other arteries in the 
circle of Willis, but ended abruptly several millimeters distal to the 
point of its emergence from the base of the skull. There were no 
major arteries extending from it into the area of cerebral malformation. 


Case 11 


Case 11 was an infant who lived 31 days, manifesting regular respi- 
rations and a sucking reflex. The calvarium was absent, except in the 
lower occipital region, and the cerebral hemispheres were symmetri- 
cally replaced by friable hemorrhagic tissue (Fig. 4). The metallic 
casting of the arterial system (Fig. 5) showed the presence of two 
internal carotid arteries that joined in an inverted V formation a short 
distance from their points of entry into the cranium. From the site 
of union of these two vessels, a slender and tortuous artery extended 
posteriorly in the midline to unite with an extremely long and narrow 
basilar artery. A plexus of arteries arose from this midline vessel, but 
these were small in caliber, and in distribution they bore no resem- 
blance to the usual pattern of anterior, middle, and posterior cerebral 
Cases 12, 13, and 14 

The cerebral and cranial deformities in cases 12, 13, and 14 were 
similar and were characterized by a craniorhachischisis that extended 
posteriorly to involve the upper cervical vertebrae and by the replace- 
ment of the cerebrum, cerebellum, midbrain, and brain stem by flat- 
tened masses of hemorrhagic tissues (Figs. 6 and 7). 

Stereoscopic radiographs of the alloy-injected cadaver of case 12 
showed two small internal carotid arteries that penetrated the base of 
the skull and gave origin to a number of slender vessels that angulated 
posteriorly, then upwards and anteriorly through the cerebral mass. 
Neither an anterior nor a posterior communicating vessel could be 
identified. The vertebral arteries arose from the subclavian vessels 
and arched posteriorly and then anteriorly and cephalad to approxi- 
mately the level of the second cervical vertebra, while decreasing 
progressively in caliber. They ended independently. Thus, there was 
neither a basilar artery nor a visible union between the vertebral and 
internal carotid systems; there was no circle of Willis (Fig. 8). In 
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addition, the right subclavian artery was anomalous. It arose from the 
arch of the aorta in a near normal position but passed behind the 
esophagus and trachea before resuming a normal position again as the 
right brachial artery. 

The metallic casting of the cerebral arterial bed in case 13 showed 
malformations almost identical with those of the previous case. The 
two internal carotid arteries were widely separated as they penetrated 
the base of the skull. There were no communicating arteries, but a 
number of irregular slender vessels arose from the carotid arteries and 
coursed through the cerebral mass in an anterior-posterior direction. 
As in the previous case, the vertebral arteries tapered and ended in the 
upper cervical region without uniting to form a basilar artery. Again, 
there was no communication between the carotid and vertebral circu- 
lation and no circle of Willis (Figs. 9 and 10). 

The metallic casting of the arterial system in case 14 (Fig. 11) 
showed the two internal carotid arteries penetrating the base of the 
skull and then branching laterally through the cerebral mass. The 
ophthalmic arteries were large and arose from the internal carotid 
vessels at points within the sphenoid bone. The numerous intra-ocular 
and peri-orbital arteries were widely and regularly distributed. The 
vertebral arteries filled imperfectly with the alloy but again no circle 
of Willis was identifiable. 

The regular association of abnormalities of the major cerebral 
arteries with cephalic deformities in anencephalic monsters raised the 
question whether a specific intrinsic structural alteration or morpho- 
logic lesion might be present within the walls of the deformed cerebral 
arteries. To investigate this possibility blocks of tissue were taken 
transversely through the internal carotid and vertebral arteries from 
the base of the skull and lower surfaces of the anomalous cerebrum 
and also from the upper cervical and medullary regions of the vertebrae 
and brain stem in 3 of the cases (nos. 7, 8, and 9). Histologic sections 
were made at different levels and stained with hematoxylin and eosin, 
by the Masson trichrome method, and by the Weigert stain for elastic 
tissue. 

Sections of the intrasphenoidal segments of the internal carotid 
arteries and the cervical segments of the vertebral arteries showed the 
lumina of these vessels to be patent and the walls to be formed of a 
thin intima, a media containing a moderate quantity of muscle tissue, 
and a scant adventitia. No significant alterations were noted within 
the walls of these arteries; and specifically there was no evidence of 
arteritis or of arterial thrombi. Although numerous large and small 
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vascular channels were present in sections through the base of the 
anomalous brains and medullae, most of these vessels resembled veins 
or venous sinusoids, there being little or no muscular tissue within 
their media. 


MALFORMATIONS INDUCED IN THE BRAINS OF CHICK EMBRYOS 
By OccLUDING CEREBRAL ARTERIES 


The question remained open whether vascular anomalies such as 
those just described are responsible for the cerebral malformations or 
whether they are secondary to them. To gather more information on 
this point, one or another of the arteries in the brains of developing 
chick embryos was occluded by electrocauterization, and the resulting 
alterations in cerebral development were studied. 

The apparatus for cauterization consisted of two 45 volt dry cell 
batteries placed in series with a milliampere meter and a governable 
resistance to deliver from o to 25 m.a. of current. The cathode or 
cauterizing electrode was a silver wire drawn to a diameter of approxi- 
mately 0.25 mm., pointed sharply, and insulated except at the extreme 
tip with Ajax insulating material.* The anode or neutral electrode was 
a small rectangular silver plate bent sharply to fasten over the edge 
of the opened shell. All procedures were carried out under aseptic 
conditions on the stage of a stereoscopic, dissecting microscope in a 
room-incubator at a temperature of 98.6° F. White eggs with a better 
than go per cent fertility rate were used. 

A window, o.5 by 1 cm. across, was made in the shell immediately 
above the 6-day-old embryo and the sterilized neutral electrode was 
fastened securely on the window edge. The cauterizing electrode, sup- 
ported by a burette stand and clamp with a universal swivel joint, was 
manipulated into the embryo adjacent to the carotid or major cerebral 
artery (Fig. 12). A current of from 8 to 10 m.a. was applied for 
periods of 5 to 15 seconds, as required to cause blanching of the vascu- 
lar bed distal to the point of cauterization. To enhance thrombosis and 
to minimize hemorrhage the electrode was left in place with gentle 
pressure on the vessel for a period of several minutes. In a few in- 
stances, a 1 mm. segment of the tip of the electrode was severed and 
left embedded at the point of cauterization. The shell window was 
replaced and sealed with paraffin. Approximately 80 per cent of the 
embryos in which one carotid artery had been occluded died during 
the subsequent 5 days, bleeding from the site of cauterization being a 
frequent cause of death. In a control experiment to learn whether the 


* A clear, air-drying varnish, obtained from Sherwin-Williams Co., Cleveland, Ohio. 
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alterations that followed occlusion of a cerebral artery had resulted 
from the impairment of the blood supply or had been produced directly 
by the trauma of cauterization, a number of chick embryos were 
treated like those of the experimental group, except that the tip of the 
cauterizing electrode was placed within the cervical or cephalic region 
but not in a position to cause thrombosis of a major cerebral artery. 

After the eggs had been incubated for an additional 5 to 7 days, the 
shell windows were removed and the contents of the amniotic sacs were 
cultured in infusion broth. The living embryos of the experimental and 
control groups were placed directly into formaldehyde solution, and 
after fixation histologic sections were prepared and stained with hema- 
toxylin and eosin and by the Masson trichrome method. 

Pronounced malformations regularly followed occlusion of a carotid 
artery in the cervical region; these were not present in embryos of the 
control group. The cerebral hemisphere and the eye on the side of the 
occluded vessel were always retarded in development while the fore- 
brain often remained as a large thin-walled cyst, the apical portion of 
which was formed by the markedly narrowed cerebral cortex (Figs. 13 
and 14). This consisted of a thin layer of undifferentiated nerve cells 
not arranged in any definite pattern. The cells had uniform, small, 
hyperchromatic nuclei and little cytoplasm with no identifiable axonal 
processes. The underlying white matter contained few cells and abun- 
dant fibrillar tissue (Fig. 15). The degree of cellular differentiation 
was conspicuously less than that of the well formed cells with large 
nuclei, abundant cytoplasm, and axonal processes, which were present 
in corresponding areas of the brains of embryos of the control group 
(Fig. 16). It is noteworthy that the alterations were regularly bilat- 
eral, perhaps because in the 6-day-old chick embryo communication is 
already established between the internal carotid arteries, so that occlu- 
sion of one diminishes by one-fourth to one-third the blood supply to 
both cerebral hemispheres. 

Occlusion of a cerebral artery at the base of the forebrain was fol- 
lowed by less pronounced alteration in the development of the cerebral 
hemispheres and no impairment in the development of the eye. When 
occlusion was accomplished proximal to the ophthalmic artery, how- 
ever, the eye on that side was markedly retarded or arrested in de- 
velopment, as evidenced by a failure to increase in size and by a lack 
of cellular differentiation within the retina. Under these conditions, 
the retinal cells had uniform, small hyperchromatic nuclei; they did 
not differentiate into rods and cones, or form nuclear and ganglion 
cell layers, although their counterparts in the contralateral eyes and in 
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those of embryos of the control group regularly did so (Figs. 17 
and 18). 
DIscussION 

In the 14 cases of anencephaly here reported, the cerebral anomalies 
occurred regularly in the region normally supplied by the internal 
carotid arteries, while the adjoining parts—the eyes anteriorly and the 
medulla posteriorly—which receive their blood from the ophthalmic 
and vertebral arteries, respectively, were more normally formed. In 
addition, portions of the cranial nerves and their ganglia were well 
developed. 

These findings make it plain that the anencephaly was not due to a 
defect in the initial formation of the encephalon, for this structure is 
normally laid, down first in the development of the brain, while the 
optic cups and the anlagen of the cranial nerves form as appendages 
which bud out from it sometime during the third to fifth week of fetal 
life. Hence, it would be illogical to suppose that the encephalon could 
be initially malformed and still give rise to normal structures of the 
latter sorts. Furthermore, since the retinal cells are derived directly 
from neuroblasts of the diencephalon and since they are well differen- 
tiated and well preserved in the anencephalic monster, it may be in- 
ferred that the cerebral malformation is not due to an intrinsic defect 
of the neural ectodermal cells themselves. It would seem not unlikely 
that the retinal neuroblasts are unaffected in anencephaly because they 
migrate from the cranium and subsequently acquire a blood supply 
different from that of the cerebrum. 

The presence of glial and mesenchymal tissues and the paucity of 
the more specialized neural elements in the malformed brains of an- 
encephalic monsters provide additional evidence that impaired vascu- 
larity may be responsible for the malformation, for the vulnerability 
of neurons to anoxia is well known. By means of a special injection 
technic, anomalies of the major cerebral arteries were actually demon- 
strated in 5 of the cases of anencephaly here studied, and it seems 
especially noteworthy that the blood vessels involved were those that 
normally would have supplied the malformed regions. Microscopic 
studies failed, however, to disclose the precise nature of the vascular 
anomaly. 

It is a dictum in embryology that slight curtailment of the normal 
blood supply to any part of the developing embryo will cause its 
growth to cease, while marked decreases will bring about local atrophy 
or malformation."’ This was borne out in the present work, the arti- 
ficial occlusion of a carotid artery in developing chick embryos regu- 
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larly leading to a marked retardation in the development of the brain 
and in the differentiation of the nerve cells. Indeed, the alterations 
so induced were similar in nature, although not so marked in degree, as 
those that characterize the lesions of anencephaly. Considered to- 
gether, the findings indicate that anomalies of the major cerebral 
arteries developing sometime after the third to fifth week of fetal life 
may be an important factor in the pathogenesis of anencephaly in 
human beings. 
SUMMARY 

Detailed morphologic studies of 14 cases of anencephaly showed 
that the cerebrum in each case was replaced by fibroglial tissue con- 
taining a few poorly differentiated nerve cells; by contrast, the cervical 
segment of the spinal cord, or the brain stem, or both, and the eyes, 
including the retinae, were in each instance well formed. The fact was 
noted that the malformed parts were those normally supplied by the 
internal carotid arteries, while the well formed parts were those nor- 
mally supplied by the vertebral and ophthalmic arteries. Hence it 
seemed possible that anencephaly might result from some alteration in 
the blood vessels. 

By means of injection of a fusible metal, anomalies of the major 
cerebral arteries were demonstrated in each of 5 cases of anencephaly 
studied in this way. The microscopic studies made thus far have 
failed, however, to disclose the nature of the vascular anomalies. 

To learn whether induced vascular anomalies may lead to cerebral 
malformations, one or another of the cerebral arteries of developing 
6-day-old chick embryos was occluded by electrocauterization; this 
procedure was regularly followed by a retardation of cerebral develop- 
ment and by alterations in the differentiation of the neuronal elements. 

The possibility must be considered that vascular anomalies of the 
major cerebral arteries may be a factor in the pathogenesis of an- 
encephaly in human beings. 
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DESCRIPTION OF PLATES 


PLATE 100 


Fics. 1 and 2. Case ro. Anencephaly characterized by an absence of the left half of 


Fic. 


the calvarium and replacement of the left cerebral hemisphere by a large, cystic 
mass of hemorrhagic tissue. 


3. Metallic casting of the cerebral arterial system of the infant shown in Figures 
1 and 2, prepared with cerrolow 117 according to a method described elsewhere 
in detail.1° The two common carotid arteries (C.C.) bifurcate to form external 
and internal carotid arteries (E.C., I.C.). The right internal carotid artery unites 
by a posterior communicating vessel (P.C.) to the basilar artery (B.), which in 
turn communicates with the vertebrals (V.). A slender artery (M.C.) extends 
through the cerebral area in the distribution of the normal middle cerebral 
artery. The left internal carotid artery, slightly larger than its normal fellow, 
tapers abruptly and ends without joining the circle of Willis. 
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Fic. 


Fic. 


PLATE I01 


4. Case 11. A cerebral malformation characterized by an absence of the cal- 
varium except in the lower occipital region and replacement of the cerebral hemi- 
spheres by a friable mass of hemorrhagic tissue. 


5. A metallic casting of the cerebral arteries of the anencephalic monster shown 
in Figure 4. The internal carotid arteries join in an inverted V formation and 
unite by a tortuous, midline vessel with an extremely long and slender basilar 
artery. A plexus of small, irregular arteries arises from the midline vessel. The 
ophthalmic arteries (O.) project anteriorly. 
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PLATE 102 


Fics. 6 and 7. Case 12. A cephalic malformation characterized by craniorhachischisis 
associated with replacement of the cerebrum, cerebellum, and brain stem by a 
flattened mass of hemorrhagic tissue. 


Fic. 8. Case 12. A roentgenogram of the alloy-injected cadaver. Irregular slender 
arteries arise from the internal carotid vessels and course first posteriorly, then 
superiorly and anteriorly through the cerebral mass. The vertebral arteries end 
independently in the cervical region. 
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PLATE 103 


Fics. 9 and 10. Case 13. Metallic casting of the cerebral vascular system of an anen- 


FIG. 


cephalic monster with a cephalic deformity similar to that pictured in Figures 6 
and 7. The internal carotid arteries are widely separated and there are no com- 
municating vessels. Slender arteries arise from them to supply the cerebral mass. 
The vertebral arteries do not unite to form a basilar artery, nor do they anasto- 
mose with the carotid arteries to form a circle of Willis. 


11. Case 14. Metallic casting of the cerebral vascular system, viewed from 
above with the sphenoid bone in place, from an anencephalic monster with 
craniorhachischisis and marked deformity of the cerebrum, cerebellum, and 
brain stem. The cerebral mass is supplied by a plexus of laterally directed ves- 
sels that arise from the internal carotid arteries. Large ophthalmic arteries arise 
from the intrasphenoid segments of the internal carotid arteries and numerous 
intra-ocular (1.0.) and peri-orbital (P.O.) vessels are well shown. Neither com- 
municating arteries nor circle of Willis were to be found, and the vertebral 
arteries filled poorly with the alloy. 
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PLATE 104 


Fic. 12. The sites are shown where the common carotid artery (C.C.) and the cere- 
bral arteries (C.) of a 6-day-old chick embryo were later occluded by electro- 
cauterization. 


Fics. 13 and 14. A 12-day-old chick embryo. The right internal carotid artery was 
occluded by electrocauterization on the sixth day of incubation. The cerebral 
hemispheres are large, thin-walled cysts. The right eye measures 3 mm. across 
and is comparable in size to that of the 6-day-old embryo; the left eye has a 
diameter of 8.5 mm., and is normal in size for a 12-day-old embryo. 
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Fic. 
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PLATE 105 


15. The cerebral cortex of a 12-day-old chick embryo following occlusion of the 
right carotid artery on the sixth day of incubation. The cortex is greatly nar- 
rowed and the cortical cells are undifferentiated, with uniform small hyperchro- 
matic nuclei, very little cytoplasm, and no axonal processes. Hematoxylin and 
eosin stain. XX 500. 


16. The outer layer of the cerebral cortex of a 12-day-old chick embryo of the 
control group. The nerve cells are well differentiated and have large nuclei with 
fine chromatin material and nucleoli and abundant cytoplasm with axonal proc- 
esses. Hematoxylin and eosin stain. X 500. 


17. The retina of the right eye of a 12-day-old chick embryo 6 days after the 
occlusion of the right common carotid artery in the cervical region. The retinal 
cells have uniform, small, hyperchromatic nuclei and are not differentiated into 
rods and cones, nuclear or ganglion cell layers. The retina was detached. Hema- 
toxylin and eosin stain. X 500. 


18. The retina of the left eye of the 12-day-old chick embryo from which 
Figure 17 was made. The retinal cells, in contrast to those of the right eye, are 
well differentiated into rods and cones, nuclear, and ganglion cells layers. Hema- 
toxylin and eosin stain. X 500. 
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SHOCK DISEASE IN CAPTIVE WILD MAMMALS * 


Joun J. Curistrian, A.B.,f and H. L. Ratctirrr, Sc.D. 


(From the Penrose Research Laboratory of the Zoological Society of Philadelphia, and the 
Department of Pathology, University of Pennsylvania, Philadelphia, Pa.) 


Fatal convulsive seizures are known to become epidemic among cer- 
tain species of free wild animals when their populations increase to 
peak levels.** In the individual animal the onset of the seizure follows 
the development of hypoglycemia; hence the term shock disease.’ 
The depletion of carbohydrate reserves under these circumstances has 
not yet been explained fully. However, Christian® has suggested that 
adrenopituitary exhaustion, caused by the intrinsic stress of over-pop- 
ulation, may be the basic cause. 

In captive wild animals shock disease has, in our experience, de- 
veloped under different circumstances. Nevertheless, the evidence 
suggests that its occurrence in these animals may be attributed to 
adrenopituitary exhaustion. It is hoped that a report of this material 
may contribute to an understanding of unusual susceptibility to stress. 


MATERIAL 


Fourteen examples of fatal shock disease will be described in this 
report. These animals were members of four families of the order 
Carnivora: the family Mustelidae was represented by 5 otters (Lutra 
canadensis) and 3 minks (Mustela vison); the family Felidae by a 
caracal (Felis caracal), a serval (F. serval), a European lynx (F. 
lynx), and a cheetah (Acinonyx jubatus); the family Procyonidae by 
a raccoon (Procyon lotor); and the family Canidae by an Arctic fox 
(Alopex lagopus). These animals had been captive for periods that 
ranged from 1 month to over 6 years. During this time each animal 
was seen at least twice daily, but evidence of illness was not observed. 

In addition, 3 other animals have provided pertinent material. These 
are: (1) a raccoon-like dog (Canis procyonoides) killed for study be- 
cause of progressive weight loss, and found to have recurrent focal 
necrosis of the pituitary body; (2) a young adult male raccoon 
(Procyon lotor) killed for study after having been isolated for 3 
months in a small cage on an ample food supply; and (3) an ado- 
lescent male monkey (Macaca radiata) that died 5 days after severe 
injury. This monkey had been a member of a highly active family 
group. 

These animals were dissected within a few hours after death. All 


* Received for publication, February 23, 1952. 
+ Now at the Naval Medical Research Institute, Bethesda 14, Md. 
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tissues removed for histologic study were fixed in Bouin’s solution, 
embedded in paraffin, and stained by routine methods. 


OBSERVATIONS 
Circumstances Under Which Shock Disease Developed 


Ten animals of this series (4 otters, 3 minks, the European lynx, 
the cheetah, and the serval) died within a few hours after having been 
transferred to new exhibition sites. With the exception of the cheetah 
and the serval, these transfers were simply a matter of routine man- 
agement. The cheetah and the serval, however, were moved because 
they had become increasingly excited by nearby building repairs and 
had failed to eat for 2 days. These 10 animals were under observation 
at the time of death and are known to have died during convulsive 
seizures. 

Death of the caracal followed a brief fight with cagemates, although 
its injuries were limited to superficial scratches. Its death occurred 
during the night and was not witnessed. The Arctic fox also was found 
to have died during the evening hours, after having shown moderate 
excitement over repairs to adjacent cages. One otter and the raccoon 
were found dead in their accustomed cages. Neither of them had been 
disturbed, nor had they shown any signs of illness. Each of these ani- 
mals had developed an abscess in the subcutis of the neck; otherwise 
evidence of disease was not recognized. 


Post-Mortem Examinations 


These 14 animals were mature specimens with well developed pelage 
and abundant, even excessive, firm white fat in all of the usual depots. 
In every animal the heart and aorta appeared smaller than normal, 
and in every animal all four chambers of the heart were dilated. The 
epicardial and endocardial surfaces were the sites of small, irregularly 
scattered hemorrhages. All organs, including the brain and its mem- 
branes, were intensely congested. The livers were moderately reduced 
in size and dark. The thyroid glands were within normal limits of size 
for animals on an adequate iodine intake, and were firm and dark 
red-brown. 

Lymphoid tissues in every animal were hyperplastic, and their thy- 
muses were large, compact, fleshy masses that contained numerous 
small hemorrhages. In the otters, for example, the weights of the 
thymuses ranged from 6 to 26 gm.; the bodies, from 7 to 11 kg. The 
thymus of adult otters should have undergone involution and weigh 
less than 1 gm. Lymph nodes were firm and often congested. The 
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spleens were firm, and on the sectioned surfaces numerous lymphoid 
nodules were easily visible. 

The adrenal glands of all animals were reduced in size. For ex- 
ample, in the otters (the weights of which have been given) the com- 
bined weights of the adrenal glands ranged from 120 to 450 mg. In 
the caracal (which weighed about 8 kg.) the combined weight of the 
adrenal glands was about 800 mg. Thus, in these animals, the ratio of 
adrenal to body weight ranged from 2 to 10 mg. per 100 gm. of body 
weight, approximately. These values are about one-third the ratio of 
adrenal to body weight of free wild animals of the same families.® 
Adrenal atrophy of this degree is not unusual in captive wild animals, 
and can occur within a few months if activity be inhibited. Thus, in a 
young adult male raccoon, weighing 6.5 kg., that was kept for 3 months 
in a small cage with abundant food, the adrenal glands weighed 800 
mg., or about 12 mg. per 100 gm. of body weight; this corresponds to 
the values for animals that died of shock disease. However, the adrenal 
glands do not invariably undergo atrophy in captive wild animals. For 
example, the young monkey that died 5 days after injury weighed 1.4 
kg., and its adrenal glands weighed 1.6 gm., or over 100 mg. per 100 
gm. of body weight. This animal, however, probably lost some weight 
during the time between injury and death, for it did not voluntarily 
take fluids during the last 2 days. But even if its body weight had 
been reduced by one-half (which is unlikely), the relative weight of 
its adrenal glands still would correspond to that of free wild animals. 


Histologic Study 


Adrenal Gland. In the otters, the minks, and the Arctic fox, the 
zona glomerulosa formed 20 to 25 per cent of the adrenal cortex. In 
other animals of this series this zone was less conspicuous, but still 
formed ro to 15 per cent of the cortex (Figs. 1, 2, and 3). This high 
ratio is about three times that found in adult free wild animals of these 
families, or in captive wild animals that are members of active groups 
(Fig. 6). The prominence of the zona glomerulosa in shock disease of 
animals is attributed to atrophy of the other zones of the adrenal cor- 
tex. In the zona fasciculata atrophy was evidenced only by the rela- 
tive length of the cell column, which was reduced by at least one-half, 
but in the zona reticularis atrophy was much more distinct. Often this 
zone was no more than ten small cells in width, and the nuclei of these 
stained solidly. The stroma of the reticularis was more conspicuous, 
as if it had coalesced into coarser strands as the glandular cells dis- 
appeared (Figs. 2, 3, 4, 8, and 9). The degree of atrophy of the 
adrenal glands of the otters, the minks, and the Arctic fox approxi- 
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mated that found in the raccoon-like dog, in which adrenal atrophy 
was attributed to necrosis of the pituitary body (Figs. 4 and 10). 

In the remaining 4 animals of this series, namely, the caracal, the 
lynx, the cheetah, and the raccoon, the degree of atrophy was less 
striking. The appearance of their adrenal glands corresponded more 
closely to that of the raccoon (mentioned previously) which was killed 
for study after 3 months in a small cage on ample food allowance 
(Figs. 5 and 11). The microscopic appearance of the adrenal cortex 
of these animals contrasted sharply with that of the young monkey 
that had been a member of a highly active family group (Figs. 6 and 
12). It died 5 days after having been isolated because of the injury 
that caused its death. As was to be expected, the cells of its adrenal 
cortex no longer contained lipids. Nevertheless, these cells were quite 
as large as those of the adrenal gland of the raccoon killed for study, 
in which lipids were present abundantly. In particular, the zona re- 
ticularis of the monkey’s adrenal gland was made up of well defined 
cords of relatively large cells. 

The apparent quantity of lipids contained in the cells of the zona 
fasciculata of the animals that died of shock disease usually decreased 
with the duration of stress. When death had occurred within a short 
time after the application of stress, the cytoplasm of these cells con- 
tained many small vacuoles and their nuclei were rather large and 
stained uniformly (Figs. 7 and 8). Reduction in the number of cyto- 
plasmic vacuoles in the cells of the middle zone was most pronounced 
when stress had continued for more than 24 hours (Figs. 3 and 9). 
However, in the cheetah, about half of the cells of the zona fasciculata 
contained vacuoles after 2 days of stress. 

The medullary cells of these adrenal glands presented highly uni- 
form appearances. The cytoplasm was raggedly vacuolated or irregu- 
larly shrunken and cell membranes were disrupted. The characteristic 
basophilic granules of normal cells were almost completely absent. 

Lymph Nodes. In the animals that died within an hour following 
stress the cortical tissue of the lymph nodes was composed of closely 
packed, large primary follicles. Usually these contained only mature 
lymphocytes. The so-called germinal centers were inactive or absent. 
The medullary cords were densely packed with mature plasma cells. 
The sinuses of the nodes contained many free lymphocytes and smaller 
numbers of plasma cells, and were moderately dilated. All blood ves- 
sels within the nodes also were dilated. As the time between stress 
and death increased, there seemed to be a moderate progressive reduc- 
tion of mature lymphocytes in the primary follicles. Edema of the 
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medullary cords increased, and there was some reduction in the num- 
bers of plasma cells. At this time all cells had disappeared from the 
sinuses. Also, as the time between stress and death increased, the 
germinal centers of the lymph nodes became more prominent, and 
mononuclear phagocytes and active phagocytosis became increasingly 
evident. 

Thymus. The changes in the thymus closely paralleled those of the 
lymph nodes. 

Spleen. The malpighian follicles of the spleen were definitely en- 
larged and composed of mature lymphocytes in the animals that died 
within a short time after stress. Subsequent changes corresponded to 
those in the lymph nodes. The spleens of all of the animals showed 
proliferation of the macrophage system (reticulo-endothelium). This 
hyperplasia was especially pronounced in the animals that survived 
for the longer periods and, as survival periods lengthened, phago- 
cytosis of erythrocytes became increasingly more marked. 

Liver. The liver cells were smaller than normal, and stained densely 
with eosin, regardless of the time between stress and death. The cyto- 
plasm had lost completely the usual lacy appearance and basophilic 
granulation characteristic of the livers of well nourished animals. The 
nuclei varied widely; many were small and pyknotic; others were 
large and vesicular. The sinusoids and veins were distended, and the 
Kupffer cells usually contained phagocytized erythrocytes. 

Pancreas. Sections from the pancreas were taken from only 2 of the 
animals: from an otter that died within 2 hours after the initial stress, 
and from the cheetah that had been under more or less continuous 
stress for 2 days before succumbing. In both, the secretory granules 
and the basophilia of the acinar cells were reduced and, in small well 
circumscribed foci, these cells had undergone necrosis without an asso- 
ciated inflammatory reaction. The islet cells appeared unchanged. 

Thyroid Gland. When death occurred within a short time after 
stress, the thyroid glands were entirely normal for animals on an ade- 
quate iodine intake. The follicular epithelium was low to medium 
cuboidal, and the follicles usually contained a moderate amount of 
colloid of medium density and staining. Intracellular colloid droplets 
were small and located chiefly in the apical portions of the cells. As 
the interval between stress and death increased, however, there was a 
corresponding increase in the apparent activity of this gland. The 
follicular epithelium changed from cuboidal to columnar and became 
enfolded in many follicles. The nuclei of the follicular epithelium be- 
came larger and more vesicular. Colloid within the follicles largely 
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disappeared and that which remained, stained faintly. Intracellular 
colloid was increased, and located usually in the basal and mid-por- 
tions of the cell. 

DIscussION 

These examples of shock disease were all young, adult, well nour- 
ished animals. At post-mortem examination they presented a uniform 
appearance. The circumstances under which death occurred also may 
be said to have been uniform. This statement is not intended to imply 
that, quantitatively, the fatal stimuli were equally severe. Neverthe- 
less, it seems reasonable to suggest that these animals succumbed to 
stimuli that, under native environmental conditions, would have been 
trivial. 

Under natural conditions the animals of this series are known to be 
very active, aggressive, and wary, and to range widely in search of 
food. The home range of the otter, for example, has been estimated 
to extend over as much as 100 miles of shore line, or 50 miles of 
stream,”® and there is reason to believe that the other animals of this 
series are equally capable of sustained activity. Activity for carnivores 
of these types is much reduced in a zoological garden. Conflict with 
other animals of the same or a different species is rare. Food is abun- 
dant and supplied at regular intervals. The animals become well nour- 
ished, if not exceedingly fat, and their adrenal glands undergo partial 
atrophy. Exactly the same change has been found to occur in the 
adrenal glands of captive wild Norway rats.*’° 

The manner in which these animals died and the changes found at 
necropsy can best be attributed to a reduced output of hormones from 
the adrenal cortex and the pituitary body. For example, 10 animals 
of this series were under observation at the time of death. Each of 
these died during a convulsive seizure and rigor mortis developed rap- 
idly. The terminal convulsive seizure, the rapid onset of rigor mortis, 
and the apparent removal of glycogen from their livers, as well as 
from the livers of the 4 other animals in this series, support the opin- 
ion that these deaths were due to hypoglycemia." 

From the histologic changes found in the tissues the following 
explanation for the development of hypoglycemia is suggested. The 
stimuli to which the animals were subjected caused a rapid and con- 
tinued release of epinephrine. The depleted state of the cells of the 
adrenal medulla indicates that this was so. The release of epinephrine 
may be presumed to have exhausted the stores of glycogen in the livers. 
At the same time glyconeogenesis failed to keep pace with the demand. 
In some instances this failure may be attributed to exhaustion of the 
adrenal cortex, but in a majority the cortex was not completely de- 
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pleted of lipids. In these instances it may be suggested that the output 
of ACTH was inadequate.'*"* 

Reduced activity of the pituitary gland and of the adrenal cortex 
seems to be a reasonable assumption in this series of animals. The 
secretion of ACTH and of 11-oxycorticosteroids is known to be inter- 
dependent. Inactivity and lack of stress in a zoological garden would 
be expected to reduce the production of ACTH and allow more or less 
atrophy of the adrenal cortex. 

Adjustment of the pituitary and adrenal glands to reduced levels of 
activity would be entirely adequate for the ordinarily quiet life of a 
wild animal in captivity. Nevertheless, its automatic nervous system 
remains geared for violent activity; hence a reduction in the output of 
pituitary and adrenal cortical hormones becomes a distinct liability. 
It is suggested that this reduction can be prevented by careful control 
of food allowances. Reduced food will prevent obesity and stimulate 
greater activity, thus pituitary and adrenal function will continue at 
a more nearly normal level and the animals will be better prepared to 
withstand unusual stress. 

In free wild animals the development of shock disease cannot be 
assumed to depend upon partial atrophy of the adrenal glands or re- 
duced activity of the pituitary body. Instead, it has occurred when 
animal populations increased to peak levels, and competition and intra- 
specific conflicts were multiplied rapidly. Under these conditions 
adrenal secretions become inadequate and hypoglycemia results.’ 
Shock disease, therefore, corresponds to the exhaustion phase of Selye’s 
syndrome of general adaptation.™* 


SUMMARY 


Fourteen instances of death of captive wild animals from shock dis- 
ease are reported. The animals, carnivores of small to medium size, 
are naturally adapted to lives of sustained and often violent activity. 
All of them died after being subjected to relatively minor stress, such 
as being transferred to new quarters or being disturbed by repairs to 
adjacent cages. Survival time after stress varied from a few hours to 
2 days. Ten of the animals were under observation at the time of 
death, and are known to have died during a convulsive seizure. At 
necropsy all animals of the group were well nourished, if not exceed- 
ingly fat. In all of them lymphoid tissues were hyperplastic, the 
adrenal glands and the hearts were small, the livers were reduced in 
size, and dark. Histologic examination indicated that the glycogen 
stores of the liver were exhausted, and that the middle and inner zones 
of the adrenal cortex were hypoplastic. This evidence suggests that 
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the immediate cause of death was hypoglycemia. Hypoglycemia, in 
these animals, reflected their inability to respond normally to sustained 
stimulation because their adrenal cortices and, in some instances, their 
pituitary bodies had undergone partial atrophy through inactivity. 
Thus in them, shock disease resulted from an adjustment to inactivity, 
whereas in free wild animals the condition develops when environ- 
mental demands exceed maximum native capacities. 
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DESCRIPTION OF PLATES 


PLATE 106 


1. Adrenal cortex and medulla, American otter (Lutra canadensis), fatal shock 
disease after 31 months in captivity. The zona glomerulosa is more than one-half 
the width of the zona fasciculata, and the zona reticularis is indistinct. X 50. 


2. Adrenal cortex, American otter (ZL. canadensis), fatal shock disease after 73 
months in captivity. Atrophy of the zonae fasciculata and reticularis has not 
progressed so far as in the animal shown in Figure 1, but nevertheless the 
adrenal glands were less than half normal weight. X 50. 


3. Adrenal cortex, Arctic fox (Alopex lagopus), fatal shock disease after 18 
months in captivity. The zona glomerulosa was conspicuous and, although the 
zona fasciculata was relatively wide compared to those in Figures 1 and 2, the 
zona reticularis consisted of only a few cells in a condensed stroma. Note also 
that in this adrenal gland lipids apparently had been exhausted. This was not 
true of the adrenal glands shown in Figures 1 and 2. X 50. 


4. Adrenal cortex and medulla, raccoon-like dog (Canis procyonoides), killed 
after 15 months in captivity, because of extreme weakness and weight loss, asso- 
ciated with pituitary necrosis. Atrophy of the adrenal gland in this animal was 
no greater than that shown in Figures 1, 2, and 3. X 50. 


5. Adrenal cortex, raccoon (Procyon lotor), killed after 3 months of inactivity 
and over-feeding. The zona glomerulosa was prominent, and the cells of the 
inner zona fasciculata and of the zona reticularis were reduced in size, and 
arranged in irregular cords. (cf. with Fig. 6.) X 50. 


6. Adrenal cortex, bonnet monkey (Macaca radiata), adolescent male, age 17 
months, a member of a highly active group; death followed severe injury. The 
zona glomerulosa was inconspicuous, the zonae fasciculata and reticularis were 
well defined, and, although the cells of these zones were exhausted of lipids, they 
were as large or larger than the corresponding cells of the raccoon’s adrenal 
glands (see also Figs. 10, 11, and 12). X 50. 
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PLATE 107 


7. Zonae fasciculata and reticularis and outer cells of medulla of adrenal gland 
shown in Figure 1. X 250. 


8. Zonae fasciculata and reticularis and outer cells of medulla of adrenal gland 
shown in Figure 2. The appearances of the cortical cells in Figures 7 and 8 sug- 
gest that a considerable quantity of lipid remained in the adrenal glands of these 
animals. The cells of the medulla in Figures 7 and 8 were shrunken and frag- 
mented. X 250. 


g. Zonae fasciculata and reticularis and outer cells of medulla of adrenal gland 
shown in Figure 3. Lipids apparently were completely removed from the cortical 
cells here, and some cells disappeared from the reticularis, showing the con- 
densed stroma more clearly. X 125. 


to. Zonae fasciculata and reticularis and part of medulla of the adrenal gland 
shown in Figure 4. * 125. 


11. The inner zona fasciculata and the zona reticularis and part of the medulla 
shown in Figure 5. X 125. 


12. The inner zona fasciculata and the zona reticularis of the adrenal gland 
shown in Figure 6. Figure 10 illustrates cortical atrophy associated with necrosis 
of the pituitary body. Figure 11 illustrates cortical atrophy associated with in- 
activity, and Figure 12 allows comparison of cell sizes in these atrophic adrenal 
glands with the adrenal gland of an active animal. 
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